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SAFETY CONSIDERATIONS 


floor can build up a charge of many thousands of 
volts. The amount of static voltage developed de- 
pends on the rate of generation of the charge and the 
capacitance of the body holding the charge. If the 
discharge happens to go through a semiconductor 
device and the transient current pulse is not effective- 
ly diverted by protection circuitry, the resulting cur- 
rent flow through the device can raise the tempera- 
ture of internal junctions to their melting points. 
MOS structures are also susceptible to dielectric 
damage due to high fields. The resulting damage can 
range from complete destruction to latent degrada- 
tion. Small geometry semiconductor devices are espe- 
cially susceptible to damage by static discharge. 


GENERAL - This product and relation documentation must be 
reviewed for familiarization with safety markings and instruc- 
tions before operation. 


SAFETY SYMBOLS 


Instruction manual symbol: the product 

ra will be marked with this symbol when it is 
necessary for the user to refer to the in- 
struction manual in order to protect the 
product against damage. 


The basic concept of static protection for electronic 
components is the prevention of static build-up where 
possible and the quick removal of already existing 
charges. The means by which these charges are re- 
moved depend on whether the charged object is a 
conductor or an insulator. If the charged object is a 
conductor such as a metal tray or a person’s body, 
grounding it will dissipate the charge. However, if the 
item to be discharged is an insulator such as a plastic 
box/tray or a person’s clothing, ionized air must be 
The WARNING sign denotes a hazard. used. 

It calls attention to a procedure, prac- 
tice, or the like, which, if not correctly 
performed or adhered to, could result 
in injury. Do not proceed beyond a 


Indicates hazardous voltages. 


Indicates earth (ground) terminal ‘some- 


1 


times used in manual to indicate circuit 
common connected to grounded chassis). 


Effective anti-static systems must offer start-to- 
finish protection for the products that are intended 
to be protected. This means protection during initial 
WARNING sign until the indicated production, in-plant transfer, packaging, shipment, 
conditions are fully understood and unpacking and ultimate use. Methods and materials 
met. are in use today that provide this type of protection. 
The following procedures are recommended: 


1. All semiconductor devices should be kept in “antis- 
tatic” plastic carriers. Made of transparent plastics 
coated with a special “antistatic” material which 
might wear off with excessive use, these inexpen- 
sive carriers are designed for short term service 
and should be discarded after a period of usage. 
They should be checked periodically to see if they 
hold a static charge greater than 500 volts in 
which case they are rejected or recoated. A 3M 
Model 703 static meter or equivalent can be used 
to measure static voltage, and if needed, carriers 
(and other non-conductive surfaces) can be recoat- 
ed with “Staticide” (from Analytical Chemical 
Laboratory of Elk Grove Village, Ill.) to make them 
“antistatic.” 


The CAUTION Sign denotes a hazard. It 

calls attention to an operating procedure, 
practice, or the like, which, if not correctly 
performed or adhered to. could result in 
damage to or destruction of part or all of 
the product. Do not proceed beyond a 
CAUTION sign until the indicated. condi- 


tions are fully understood and met. 


STATIC SENSITIVE DEVICES 


When any two materials make contact, their surfaces 2. Antistatic carriers holding finished devices are 


are crushed on the atomic level and electrons pass 
back and forth between the objects. On separation, 
one surface comes away with excess electrons (nega- 
tively charged) while the other is electron deficient 
(positively charged). The level of charge that is devel- 
oped depends upon the type of material. Insulators 
can easily build up static charges in excess of 20,000 
volts. A person working at a bench or walking across a 


stored in transparent static shielding bags made by 
3M Company. Made of a special three-layer mate- 
rial (nickle/polyester/polyethylene) that is “antis- 
tatic” inside and highly conductive outside, they 
provide a Faraday cage-like shielding which pro- 
tects devices inside. “Antistatic” carriers which 
contain semiconductor devices should be kept in 
these shielding bags during storage or in transit. 


il 


Individual devices should only be handled in a 
static safeguarded work station. 


3. A typical static safeguarded work station is shown 
below including grounded conductive table top, 
wrist strap, and floor mat to discharge conductors 
as well as ionized air blowers to remove charge 
from nonconductors (clothes). Chairs should be 
metallic or made of conductive materials with a 
grounding strap or conductive rollers. 


SAFETY EARTH GROUND - This is a safety class I product 
and is provided with a protective earthing terminal. An uninter- 
ruptible safety earth ground must be provided from the main 
power source to the product input wiring terminals, power cord, 
or supplied power cord set. Whenever it is likeiy that the protec- 
tion has been impaired, the product must be made inoperative 
and be secured against any unintended operation. 


~ Net 


BEFORE APPLYING POWER - Verify that the product is 
configured to match the available main power source per the 
input power configuration instructions provided in this manual. 


If this product is to be energized via an auto-transformer (for 
voltage reduction) make sure the common terminal is connected 
to the earth terminal of the main power source. 


Any servicing, adjustment, maintenance, or re- 
pair of this product must be performed only by 
qualified personnel. . 


SERVICING 


Adjustments described in this manual may be 
performed with power supplied to the product 
while protective covers are removed. Energy 
available at many points may, if contacted, re- 
sult in personal injury. 


Capacitors inside this product may still be 
charged even when disconnected from its 
power source. 


To avoid a fire hazard, only fuses with the re- 
quired current rating and of the specified type 
(normal blow, time delay, etc.) are to be used for 
replacement. 


EYE HAZARD 


Eye protection must be worn when removing or 
inserting integrated circuits held in place with 
retaining clips. 


INPUT POWER DISTRIBUTION 


HP 2250 Measurement & Control Systems are provided with a 
heavy duty on/off power switch. The power switch controls ac 
power for all devices in a single bay. Specifically, power is switched 
for the power supply and the cooling fans on the HP 2104 Processor 
Unit and HP 2251 Measurement & Control Unit. 


An electrical ratings label is located on the outside of each cabinet 
that requires ac input power. HP 2250 systems do not have an 
integral circuit breaker. They should be connected to a circuit that 
has a breaker that exceeds the maximum amperage requirements of 
the system including all the cabinets. 


Input power wiring must be provided to the cabinet 
power switch box. This wiring should exceed both the 
voltage and current specified by the electrical ratings 
label. In addition, safety precautions require that the 
input power wiring be kept physically separated from 
any other wiring entering or inside the cabinet. The 
recommended method of meeting this requirement is 
by locating the input power wiring inside flexible 
conduit directly to the power switch box. All wiring 
should also meet the requirements specified by local 


electrical codes. 
NOTE 


All wiring installation and changes should be done 
with AC power off and only by a qualified electrician. 


INPUT WIRING SPECIFICATIONS 

The following specifications describe the ac power wiring: 
Maximum voltage rating: 300 Volts AC 
Maximum current carrying: 10 Amps 
Maximum operating temperature: 65 degrees C 


Maximum number of power cords per switch for power supplies 
and/or cooling fans: 4 


Maximum number of cabinets powered by one power switch: 1 


INPUT POWER WIRING 


Refer to the wiring diagram attached to the power switch when 
using the following instructions. AC input power wiring should be 
attached to the cabinet as follows: 


1) Remove the switch box cover by loosening the two screws. 


2) Route the input wiring through the switch box knockout and 
clamp the flexible conduit or wiring so as to provide substantial 
strain relief to the wiring. 


3) Attach spade lugs to the voltage, or “hot,” neutral and ground 
lines. 


4) The ground wire should be attached to the ground post inside 
the switch box. The ground post has a label with the ground 
symbol next to it. Loosen the two nuts on the ground post and 
place the ground lug from the input power wiring underneath 
the nuts. Retighten the two nuts securely. 


5) The hot side of the switch is the side with the brown wire 
from the power supply cable. Attach the hot side of the input 
power wiring to the empty screw terminal on that side of the 
switch. Securely tighten the switch. 


6) Attach the neutral side of the input power wiring to the 
empty screw terminal on the other side of the power switch. The 
other screw terminal on that side of the switch has a blue wire 
connected to it from the power supply. Securely tighten the 
screw terminal. 


7) Being careful to not snag any wiring, replace the switch cover 
and tighten the two retaining screws. 


8) Before applying ac power to the system, verify that the power 
supply and cooling fan voltage settings are correct for the 
voltage being applied. 


ADDING ADDITIONAL POWER CORDS TO THE SYSTEM 
POWER SWITCH 


When it is necessary to add additional power supplies or measure- 
ment & control units to the system, they may also be switched by 
the cabinet power switch. Refer to the wiring diagram while using 
the following instructions to add power cables to the switch: 


1) Disconnect AC power at the circuit breaker or some point in 
the circuit prior to the 2250 system. 


2) Remove the covers from the set screw connectors by twisting 
their cap while holding the wiring stationary. Loosen the set 
screw and remove the wiring. 


3) The fan cords have no polarity and therefore their cables can 
be arbitrarily added to the set screw connectors. The power 
supply cable has the following polarity — hot = brown, neutral 
= blue. Attach the brown wire to the bundle of cables that 
include the black wire to the switch. Add the blue wire to the 
bundle of cables that include the white wire to the switch. 


4) Reinsert the wires into the metal sleeve and securely tighten 
the set screw. Reattach the plastic cap and tighten. 


5) Being careful to not snag any wiring, replace the switch cover 
and tighten the two retaining screws. 


6) Before applying the ac power to the system, verify that the 
power supply and cooling fan voltage settings are correct for the 
voltage being applied. 
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FEDERAL COMMUNICATIONS COMMISSION 
RADIO FREQUENCY INTERFERENCE 


STATEMENT 
WARNING: This equipment generates, uses, and can radiate 
radio frequency energy and if not installed and used _ in 
accordance with the instructions manual, may cause 
interference to radio communications. As temporarily 


permitted by regulation it has not been tested for compliance 
with the limits for Class A computing devices’ pursuant to 
Subpart J of Part 15 of FCC Rules, which are designed to 
provide reasonable protection against such interference. 
Operation of this equipment in a residential area is likely 
to cause interference in which case the user at his_- own 
expense will be required to take whatever measures’ may be 
required to correct the interference. 
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PREFACE 


This manual provides reference information for the Hewlett-Packard HP 
2250 Measurement and Control Processor hardware. 


The HP 2250 hardware consists of an HP 2104 Processor Unit and an HP 2251 
MeaSurement and Control Unit, each of which consists of a card frame and 


several cards. Both unitS can be mounted ina rack or a cabinet, 
depending on the application. 


DOCUMENTATION 
Additional information for the HP 2250 is included in the following 
manuals: 


a. HP 2250 MeaSurement and Control Processor Programmer's Manual, part 
no. 25580-90001. | 


b. HP 2250 Measurement and Control Processor System Introduction 
Manual, part no. 02250-90011. 


c. HP 2250 MeaSurement and Control Processor Installation and Start-Up 
Manual, part no. 02250-90012. 


d. HP 25581A Automation Library Manual, part no. 25581-90001. 


e. HP 25582A Automation Library for Desktop Computers, part no. 
25582-90001. 


f. HP 2250 Measurement and Control Processor Diagnostic’ and 
Verification Manual, part no. 25595-90001. 


vill 


INTRODUCTION TO THE HP 2250 


The HP 2250 Measurement and Control Processor is designed to provide 

computer controlled automation tasks including data acquisition, data 

reduction, engineering unit conversions, data comparisons for decision 

making, execution of control algorithms, control actions and updates, and 

alarm task scheduling. 

When uSing the HP 2250 for data acquisition, you may do the following: 
Detect discrete input signals such as the on or off state of a switch. 


Measure continuously variable input signals such as temperature, 
pressure, speed, or voltage. 


Set up discrete output Signals such as the on or off state of an output 
relay. 


Generate continuously variable output signals such as valve position or 
current. 


ORGANIZATION OF THIS MANUAL 


The HP 2250 hardware can be categorized into three main areas: 

Racks and cabinets. 

HP 2104 Processor Unit 

HP 2251 MeaSurement and Control Unit 
The HP 2251 can be further broken down into input/output, or "function" 
cards, which interface the HP 2250 Measurement and Control Processor to 


the external sensor or actuator that is being meaSured or controlled. 


Information on each of these hardware areaS is contained in a separate 
section of this manual, as follows: 


Section I -- HP 2250 MeaSurement and Control Processor system 
description, consisting of an overall physical 


description including racks and cabinets, and an 
overall function description. 


Section II -- HP 2104 Processor Unit 
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Section III -- HP 2251 Measurement and Control Unit 


Section IV -- HP 25501A 16-Channel High-Speed Analog Input Card 
Section V -- HP 25502A 32-Channel High-Level Multiplexer Card 
Section VI -- HP 25503A 32-Channel Low-Level Multiplexer Card 
Section VII -- HP 25504A 16-Channel Relay Multiplexer card 
Section VIII -- HP 25510A 4-Channel Voltage/Current Analog Output Card 
Section IX -- HP 25511A 32-Point Digital Input Card 

Section X -- HP 25513A 32-Point Digital Output Card 

Section XI -- HP 25514A 16-Point Relay Output Card 

Section XII -- HP 25516A 16-Point Digital Multifunction Card 
Section XIII -- HP 25594A FHerniseoupiE Reference Connector 
Section XIV -- Signal Conditioning Modules | 


Two typical HP 2250 Measurement and Control Processors are shown in 
figure l. | | 
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2251 Measurement and Control Unit 
25501A 16-Channel High-Speed Analog Input Card 
25502A 32-Channel High-Level Multiplexer Card 
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HP 
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2250 


25512 4-Channel Counter Input Card 
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Control Processors are shown 


Measurement and 


Update 3 


4-~Channel Voltage/Current Analog Output Card 


in 


HP-2250R 


Rack-mounted for 


laboratory, control room, 
and light industrial 
applications. 


It is shown here with an 
HP 1000 Model 45 
Computer System. 


HP 2250N 


NEMA-12 sealed enclosure 
for factory floor application. 


Figure 1. HP 2250 Measurement and Control Processors 
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Rack-mounted for 
laboratory, control room, 
and light industrial 
applications. 


It is shown here with an 
HP 1000 Model 4-5 
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for factory floor application. 
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Section I 
HP 2250 System Description 


1.1 INTRODUCTION 


This chapter provides physical and functional descriptions of the HP 
2250 Measurement and Control Processor. Included are photographs and 
diagrams showing the physical layouts of the various configurations of 
the HP 2250, and diagrams and a description of the functional operation 
of the system. 


1.2 HP 2250 PHYSICAL DESCRIPTION 


Figure 1-1 shows the components for the different configurations of the 
HP 2250. Digital and analog function ecards perform I/O for the system. 
These function cards are part of the HP 2251AN/AR Measurement and 
Control Unit (MCU). Digital and analog signal conditioning modules are 
mounted on the function ecards to tailor the, function card. Tor 
interfacing to the different types of external sensors and actuators. 
The HP 2104 Processor Unit consists of a card frame and several cards 
which control the operation of the HP 2250. Different combinations of 
the HP 2104 and HP 2251 comprise the several configurations of the HP 
2250. 
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EXPANSION WIRING ASSEMBLY 
2250R CABINET CABINET 
o 2250M : ae 5 
HP HP 
25575C | 25575B 
NEMA 
CABINET 
ye 
POWER 
SUPPLY 
f HP san 
PROCESSOR 
(Fr UNIT CARDS 
Gene POWER 
HP 2104AR SUPPLY 
HP 2251AN NE HP 2251AR 
™~. —— ANALOG 
ES. = 
| b | (a. SIGNAL 
= Ne CONDITIONING 
MODULES 
DIGITAL ANALOG 
FUNCTION FUNCTION 
CARDS CARDS 
DIGITAL | 
SIGNAL 
CONDITIONING 
MODULES 
2250-12L 
Figure 1-1. HP 2250 Measurement and Control Processor Components 


system Description 


The different configurations of the HP 2250 (shown in figure 1-2) are as 
follows: 


HP 2250M Measurement and Control Processor 


The HP 2250M is a complete measurement and control system in a 
small, mobile cabinet. The HP 2250M contains an HP 2104 Processor 
Unit, one HP 2251 Measurement and Control Unit, and provision for 
mounting up to ten field wiring assemblies (FWAs). 


Options: -O010 HP 12013A Battery Backup 


-015 230 volt, 50 Hz operation 


HP 2250N Measurement and Control Processor 


The HP 2250N is a measurement and control processor in an industrial 
NEMA-12 cabinet. -The HP 2250N contains an HP 2104 Processor Unit, 
nine additional card slots for adding an HP 2103LK Board Computer, 
up to two HP 2251 Measurement and Control Units (one required), and 
up to 40 field wiring assemblies (FWAs). 


NOTE 


NEMA stands for the National Electrical Manufacturer's 
Association, which defines standards fon electrical 
equipment, including cabinets. A NEMA Type 12 cabinet, such 
as is used to house the HP 2250N, is defined as being 
moisture resistant, and dust resistant. In addition, the 
cabinet is designed to provide the necessary cooling surface 
for the heat from electronic components, up to 50 degrees C 
external temperature. 


Options: 
-O10 HP 12013A Battery Backup 


=O19: *O0V5 5O HZ ‘Operatrons. 
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HP 2250R 
2250-13H 


Figure 1-2. 
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| HP 2250M 


HP 2250 System Configurations 


System Description 


HP 2250R Measurement and Control Processor 
The HP 2250R is a measurement and control processor in an upright, 
standard 19-inch cabinet. The HP 2250R contains an HP 2104 
Processor Unit, and provision for two (one required) HP 2251 
Measurement and Control Units, and up to 20 FWAs. This model can be 
expanded (using additional cabinets) to mount up to six more (eight 
total) HP 2251AR Measurement and Control Units (MCUs) and up to 175 
more (195 total) FWAs. 
Options: 
-O0O1 One additional HP 25575B cabinet with space for 45 FWAs. 
Total capacity: Two MCUs, 16 function cards, 65 FWAs. 
-002 Two additional HP 25575B cabinets, each with space for 45 
FWAs. 


One additional HP 25575C cabinet, with space for one power 
supply, three MCUs, and 20 FWAs. 


Total capacity: Five MCUs, 40 function cards, 130 FWAs. 


-003 Three additional HP 25575B cabinets, each with space for 45 
FWAs. 


Two additional HP 25575C cabinets, each with space for one 

power supply, three MCUs, and 20 FWAs. 

Total capacity: Eight MCUs, 64 function cards, 195 FWAs. 
-O10 HP 12013A Battery Backup 


#015 250 volt, bO Hg operation 


-0O16 Same as option -002, except with 230 volt, 50 Hz operation 
(option -015). | 


-O17 Same as option -003, except with 230 volt, 50 Hz operation 
(option -015). 
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1.2.1. HP 2251AN/AR Measurement and Control Unit 


There are two models of the HP 2251 Measurement and Control Unit (MCU): 
HP 2251AN Measurement and Control Unit: 


Designed for mounting ina NEMA enclosure, for use with the HP 
2250N. 


HP 2251AR Measurement and Control Unit: 


Designed for rack mounting in cabinets, for use with the HP 2250M 
and HP -2250R. 


The two models of the MCU are shown in Section III, figure 3-1. Each 
MCU consists of a function card frame and a backplane wiring assembly. 
The function card frame contains a Backplane Interface (BIF) card (part 
number 25574-60001) and room for up to eight function cards. The types 
of function cards available are; 


HP 25501A 16-Channel High-Speed Analog Input 

HP 25502A 32-Channel High-Level Multiplexer 

HP 25503A 32-Channel Low-Level Multiplexer 

HP 25504A 16-Channel Relay Multiplexer 

HP 25510A 4-Channel Voltage/Current Analog Output 
EP 2551718. S2=Point Dieital Input 

HP 25513A 32-Point Digital Output 

HP 25514A 16-Point Relay Output 

HP 255764. }6=PotnG Digital Multifunction 


Signal conditioning modules, which are small printed circuit assemblies, 
are mounted on the FUNCTION: “Cards Th -order to Tailor the function card 
for interfacing to many types of actuators and sensors. The different 
types of signal conditioning modules (SCMs) are as follows: 


HP 25531B/C/D/E/K/L One-Point Non-Isolated Strobe Digital Input 
HP 25533B/C/D/E/F/G/H/J One-Point Isolated Strobe Digital Input 
HP 25535B/C/D/E/K/L Four-Point Non-Isolated Digital Input 

HP 25537P/Q/R/S/T/U/V/W Four-Point Isolated Digital Input 

HP 25539A/B/G/H/I 4-Channel Relay Are Suppression 

HP 25540A/B/C/D 8-Channel Analog Input 

HP 25543N Four-Channel Isolated Output 

HP 25544A/B/C Four-Channel Non-Isolated Output 

HP 25545P Two-Channel Solid State Relay Output 


system Description 


From one to eight MCUs are included in a HP 2250 system, depending on 
the configuration and application. 


1.2.2 HP 2104AN/AR Processor Unit 


The HP. 2004 Processor Unit performs task processing, and data 
computation and conversion for the HP 2250 systen. Briefly, it compiles 
and executes requests from the controller (host computer system), and 
converts measurement and control data resulting from these requests. 
see Section II for a complete description of the HP 2104 Processor Unit. 


As with the MCU, the processor unit has two models: 


HP 2104AN Processor Unit: 


Designed for mounting ina NEMA enclosure, for use with the HP 
O250N. 


HP 2104AR Processor Unit: 


Designed for rack mounting in cabinets, for use with the HP 2250M 
and WP’ 2250 Rs | 


The two models of the HP 2104 are shown in Section II, figure 2-1. Each 
unit consists of a card frame, a backplane wiring assembly, an HP 12035A 
Power Supply, and the following cards: 


HP 12001D Processor 

HP 12070B RAM/ROM/STACK (RRACK) Memory 

HP 12071A Measurement and Control Interface (MCI) 
HP 12009A HP-IB Interface 


Optional cards for the processor unit are: 


HP 12013A Battery Backup 
HP 5372045L HP-IB Modem 


LM. SCG O Nes the customer may install an HP 37203L HP-IB modem for 
remote extension of an HP 2250 via either coax or fiber-optic cable. 
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1.3 HP 2250 FUNCTIONAL DESCRIPTION 


A functional block diagram of the HP 2250 is shown in figure 1-3. As 
noted in the physical description paragraphs, the HP 2250 is composed of 
an HP 2104 Processor Unit, from one to eight HP 2251 Measurement and 
Control Units, and up to 64 I/O or function cards which send and receive 
measurement and control signals to external sensors and actuators. (The 
external sensors and actuators comprise a "process" such as_ the 
operation of a steel mill or an oil refinery.) The function cards are 
wired to the external process through Field Wiring Assemblies (FWAs); 
there can be up to 195 FWAs. 


The HP 12001D Processor compiles and executes requests from the HP-IB 
bus and converts measurement and control data resulting from these 
requests. 


The HP 12070A Memory contains Read Only Memory (ROM) chips, and Random 
Access Memory (RAM) chips. The HP 2250 firmware (MCL/50) is stored on 
the ROM chips. The RAM chips contain user memory, which is used to 
store instructions that implement a particular measurement and control 
function, and to store the data resulting from the instructions. 


The HP 12071A Measurement and Control Interface (MCI) provides interface 
between the processor unit backplane and the measurement and control 
unit (MCU) backplane, a time-of-day clock, a pacing timer, and an 
external pace input. (The MCU backplane connects to the function cards 
which provide the input/output capability for measurement and control.) 


The HP 12009A HP-IB Interface includes an HP-IB cable and carries 
control signals and data to and from the host computer (controller). UP 
to 14 other HP-IB devices also can be connected to this bus without 
remote extension via coax or fiber-optics. 


The HP 12035A power supply provides the processor unit backplane with de 
voltages and a 25 kHz voltage source to the MCUs via the backplane 
interface (BIF) card. 


The HP 2251 Measurement and Control Unit (MCU) contains a card frame 
which holds the backplane interface card and room for up to eight 
function cards. There can be up to eight MCUs in an HP 2250 system. 


The Backplane Interface (BIF) card provides the function cards with 
signal buffering, partial address decoding, interrupt masking, and 25 
kHz powere In a system consisting of more than one MCU, each MCU 
contains one BIF card, and the MCI bus connects through each BIF to the 
succeeding (or "downstream") MCUs in a "daisy chain" fashion. 
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HP 2250 MEASUREMENT AND CONTROL PROCESSOR 
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Figure 1-3. HP 2250 Functional Block Diagram 


System Description 


Function cards match the type of sensor or actuator in the external 
process. The principal function card types are analog input and output, 
and digital input and output. 


A function card can accomodate up to 32 external points (depending on 
card type) and occupies one slot in the MCU card frame. 
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Section II 
HP 2104 Processor Unit 


2.1 INTRODUCTION 


This section contains information on the HP 2104 Processor Unit. The 
processor unit, see figure 2-1, is the computing and control portion of 
the HP 2250 Measurement and Control Processor. 
The basic processor unit cards are; 

HP 12001D Processor 

HP 12070A RAM/ROM/STACK (RRACK) Memory 

HP 12071A Measurement and Control Interface (MCI) 

HP 12009A HP-IB Interface 

HP 12055A Power Supply 
Optional cards for the processor unit are: 

HP 12013A Battery Backup 

HP 372043L HP-IB Modem 
The processor unit cards are shown in figure 2-2. 
The processor unit executes programmed instructions to provide control 
over the I/O (function) cards. The processor unit communicates with a 
NOSt- -compuver (controller) over the HP-IB interface, then compiles and 


executes requests, and reduces and converts measurement and control data 
resulting from these requests. 


MN 
i 


Processor Unit 


HP 2104AN 


. 52A-0612 


HP 2104AR 


AN ee eens 


3 
3 


eecccces 


52A-0613 


Figure 2-1. HP 2104AN and HP 2104AR Processor Units 
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Figure 2-2. HP 2104 Processor Unit Cards 
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Processor Unit 


The 12001D processor card communicates with the function cards through 
two levels: The first level is the 142071A measurement and control 
interface (MCI) which provides interface between the processor unit 
backplane and the measurement and control unit (MCU) backplane. (The 
MCU backplane connects to the I/O (function) cards which provide the 
input/output capability for measurement and control.) The second level 
is the backplane interface (BIF) card located in each MCU. The BIF card 
distributes measurement and control backplane signals to the individual 
function cards in the MCU over the function card backplane. The BIF 
selects one of the eight function cards to be addressed, provides data 
transfer ac voltage to the function card requirements. 


The 12070A memory card contains Read Only Memory (ROM) chips, and Random 
Access Memory (RAM) chips. The HP 2250 firmware is stored in the ROM 
chips. The RAM chips are user memory, and are used to- store 
instructions that implement a particular measurement and control 
process, and to store the data resulting from the instructions. | 


The 12071A measurement and control interface (MCI) card provides 
interfacing between the processor unit backplane and the measurement and 
control unit (MCU) backplane. The MCU backplane connects to the 
functions cards, which provide the input/output capability for 
measurement and control. 


The 12009A HP-IB interface card includes a two-meter HP-IB cable which 
carries control signals. and data to and from a host computer 
(controller). Up to 15 other HP-IB devices can be also be connected to 
the HP-IB. 


The 12013A battery backup card protects memory contents up to 30 minutes 
if power fails. 


The 37203L HP-IB link extends the transmission distance of the HP-IB bus 
to remote locations via coaxial cable or fiber optic (HP 37203L, Option 
001) cable. The maximum distance is 1000 metres (3280 feet). 


2.2 FUNCTIONAL DESCRIPTION 


A functional block diagram of the HP 2104 Processor Unit is shown in 
figure 2-3. 
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Figure 2-3. HP 2104 Processor Unit Functional Block Diagram 


Processor Unit 


The processor card operates from programs running in an external 
computer, and provides control of the HP 2250 and its function cards by 
executing instruction sets stored in the memory card ROM. The processor 
card also controls data transfers (including Direct Memory Access 
(DMA)), processes I/0 interrupts, provides self-test instructions, and 
performs all necessary computations. The major component on the 
processor card is a 64-pin Silicon-On-Sapphire (SOS) integrated circuit 
which contains much of the processor logic. This IC is called the CPU 
chip. 


The processor card provides synchronous control using clock signals 
which are generated by the processor card. 


The memory card provides ROM memory for the HP 2250 firmware and RAM 
user memory for application programs. The ROM word size is 16 bits and 
the RAM memory is 17:bits (it has an additional bit for parity). The 
16-bit wide memory corresponds’ with the HP 12001D Processor 
requirements. The parity bit provides a means to maintain integrity of 
data in the RAMs. 


The memory card and processor card plug into a common backplane. 


The RAM memory operates in three modes: 
ae Write cycle. 
be. Read cycle. 
c. Refresh cycle. 


The ROM operates only in the Read cycle, because its memory permanently 
contains the processor's firmware. Memory read and write cycles are 
initiated by the processor card, while RAM refresh cycles are initiated 
by the memory itself to maintain its contents. 


The memory can be addressed either directly or relatively (also called 
mapped addressing). The address word has 16 bits which comes from the 
processor over the backplane on the address bus. 


Mapped addressing is a general term describing the addressing operation, 
and includes "Stack Addressing" and "Offset Addressing" described below. 


Stack addressing is a form of mapping where the memory instructions 
access a "window" of data that automatically moves through memory. 
Automatic movement through memory is accomplished by successive 
increment or decrement operations. 


Offset addressing occurs when a program statement contains an address 


which is merely a pointer to another address in memory (the address is 
stored ina register which is then used to access the offset address). 
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Processor Unit 


The dynamic RAM elements require refreshing in order to retain data. 
Refresh is accomplished by issuing a read strobe pulse to all the RAMs 
at regular intervals. The memory controller performs the refreshing by 
addressing each row of bits separately and issuing a refresh read pulse. 


The parity generation/detection circuit provides parity information for 
data as it is stored into memory, and checks data being accessed from 
memory for correct parity. The circuit monitors the data bus directly 
(without buffering) so that the parity being checked is checked on the 
backplane as it is accessed by the processor. 


The memory card will continue to read and write without interruption 
after a parity error. It is up to the card receiving the parity error 
information through the parity signal line to determine what action 
should be taken. 

The HP 12071A Measurement and Control Interface (MCI) card performs the 
following functions: 


Generates address words with address control signals which are used to 
select or scan input or output channels or points on the function 
cards. 


Provides timing. The MCI card has internal timers for various 
measurement pacing modes. The internal timers are supplemented by an 
external pacing line to precisely control the rate at which 


measurement and control events occur, independently of processor 
timing. Internal and external pacing assures that the proper data 
passes’ through the card's data register at the right time, 
transferring between the MCU and processor backplanes. 


Manages its own controller backplane I/0, responding to its firmware 
instructions, and from these it provides the required MCU backplane 
control signals to the function cards. It also receives function card 
handshake signals, function card interrupts, and function card data 
from the MCU backplane. 


Interprets processor control instructions; e.g., Direct Memory Access 
(DMA) word transfers. 


An I/O Master chip on the MCI card processes I/O instructions and DMA 
operations independently for that card, relieving the computer of this 
function. This arrangement eliminates restrictions on the number or the 
type of devices or interfaces using DMA. 


The I/O Master detects the card's select code in address words from the 
computer independently of the card's position in the backplane. This is 
possible because the card's address is stored in a Global Register 
contained in the I/O Master. The select code is entered via a set of 
switches on the card. 
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Priority of I/O interrupts and DMA backplane acess is established by the 
I/O card's position in the processor unit. The slot next to the 
processor card has the highest I/0 priority. From this slot the I/0 
interrupt priority numbers successively increase (less priority) as the 
slot numbers increment. Therefore, due to the MCI card's location, it 
has the highest I/O card priority of the controller section. 


For more information concerning programmed I/O and DMA transfers, and a 
detailed description of the I/O Master, refer to the HP 1000 L-Series 
Interfacing Guide, part number 02103-90005. 


The addressing circuits on the card consist of an Address Latch for the 
upper-eight address word bits, an Address Counter Latch for the 
lower-eight address word bits, an Address Decoder for MCI card internal 
registers, and an Address Buffer for channel or point addresses to be 
transferred onto the MC Bus. 


Input and output data transfers are passed through a bidirectional data 
register. 


The HP 12009A HP-IB Interface provides an interface between the HP 2250 
and an external computer (controller). Up to 14 additional devices can 
be connected to the HP-IB. (HP-IB is the Hewlett-Packard implementation 


of IEEE Standard 488-1975, "Digital Interface for Programmable 
Instrumentation," and ANSI Standard MC 1.1. The HP-IB is a standard 
method of communication for HP computers and HP-IB-compatible 


instruments.) 


The HP-IB card plugs into a single slot of the processor unit card frame 
and is assigned only one select code. The HP-IB card is connected by 
cable to the HP-IB devices or system controller which may be a 
Hewlett-Packard computer system. To the processor unit, this card is an 
1/0 card and is under the processor card's control at all times. 


The HP-IB card has the capability of handling its own Direct Memory 
Access (DMA) and of decoding its own instructions from the processor 
unit. These features are performed by an I/O Master chip located on the 
HP-IB card. 


All interfaces to the processor unit backplane and to the HP-IB devices 
are provided by two integrated circuit chips. The first chip, the I/0 
processor (IOP) chip, manages all I/O functions of the backplane. The 
second chip, the PHI (Processor to HP-IB Interface) chip performs all 
data and control signal interactions with the HP-IB devices. Through 
the use of these two chips, the HP 12009A HP-IB Interface relieves the 
processor of most of the HP-IB protocol processing. 
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2.2.1 Addressing-Talking-Listening-Handshaking 


A technique of addressing is used to determine which device is to "talk" 
and those devices that are to "listen". Data is sent from one device to 
another device in a  bit-parallel, byte-serial format using an 
interlocked remove data before the receiver has finished using the data. 
It also ensures that data is not lost when devices having inherently 
different speeds communicate on the same bus. 


Definitions of different types of "talker" or "listener" devices are 
listed below. 


TALKER - Any device that is capable of sending or transmitting 
information on the bus. There can be only one talker at a time on 
the bus. 

LISTENER - Any device that is capable of receiving or accepting 


information on the bus is a listener. There may be up to 14 
listeners at the same time on the bus. 


TALKER-LISTENER - Any device that has the capablility of both 
sending and receiving information on the bus as defined previously 
is both a talker and listener. For example, a counter is a talker 
when sending data and a listener when it is being programmed. 


CONTROLLER - Any device that has been programmed to have the 
responsibility of managing the flow of information between devices 
connected to the bus is an HP-IB controller. It is capable of 
addressing one of the devices as a talker and one or more of the 
others as listeners. The HP-IB permits a system to have more than 
one controller, but only one controller may be active at a time. 


SYSTEM-CONTROLLER - An HP-IB System Controller for the HP 2250 is 
always a computer system such as the HP 1000. The System 
Controller can be installed in the HP 2250. This is the optional 
HP 1000 L-Series Computer installed in the second card cage 
adjacent to the HP 2250 processor unit card cage. 
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3.1 INTRODUCTION 


This section contains information on the HP 2251 Measurement and Control 
Unie (MCUs The MCU, see figure 3-1, consists of a card frame which 
contains a Backplane Interface (BIF) card and up to eight I/0 (function) 
cards. Up to eight MCUs can be included in an HP 2250 Measurement and 
Control Processor, depending on the HP 2250 configuration. See Section 
1 for descriptions of the various configurations. 


Information covering the individual function cards is contained in 
separate sections, as follows; 


Section IV -- HP 25501A 16-Channel High-Speed Analog Input 
section V -- HP 25502A 32-Channel High-Level Multiplexer 
section VI -- HP 25503A 32-Channel Low-Level Multiplexer 
Section VII -- HP 25504A 16-Channel Relay Multiplexer 
Section VIII -- HP 25510A 4-Channel Voltage/Current Analog Output 
Section IX -- HP 25511A 32-Point Digital Input 

Section KX -- HP 25513A 32-Point Digital Output 

Section XI -- HP 25514A 16-Point Relay Output 

Section XII -- HP 25516A 16-Point Digital Multifunction 
Section XIII -- HP 25594A Thermocouple Reference Connector 
Section XIV -- Signal Conditioning Modules 


Briefly, the purpose of the MCU is to interface the function cards from 
external sensors and actuators to the HP 2104 Processor Unit. This is 
accomplished by means of the Backplane Interface (BIF) card. 
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A measurement and control interface (MCI) bus connects the HP 120714 
Measurement and Control Interface (located in the processor unit) to a 
backplane interface (BIF) card in each MCU. 


A power bus connects power from the HP 12035A Power Supply to the BIF 
and from there to the function cards. Thus, the BIF provides a signal 
interface between the function cards and the MCI in the processor unit, 
and a power interface between the function cards and the power supply. 


3.2 MCI BUS DESCRIPTION 


The measurement and control interface (MCI) bus connects the MCI to one 
or more BIFs, depending on the number of MCUs in the HP 2250 (each MCU 
contains one BIF). The BIFs connect to the function cards through a 
backplane. The configuration of power bus, MCI, MCI bus, BIFs, and 
function card backplane is shown in figure 3-2. 


The card frame containing a BIF and the function cards it serves also 
contains the function card backplane; together these items (card frame, 
BIF, function cards, and function card backplane) comprise an MCU. Nine 
card slots in the card frame have numerical designations from O through 
8B. 


The BIF is always in the first slot (slot 0) of the MCU. The mainframe 
card group (function cards and BIF) is physically "MCU 0" and is usually 
also designated as logical "MCU 0." The first additional MCU is usually 
"MCU 1," etc. The MCU address is set by a thumbwheel switch on the 
front edge of the BIF. MCU addresses do not have to agree with the 
physical location of the MCU. The MCI can communicate with up to 8 MCUs 
for a maximum of 64 function cards. 


The BIF provides the function cards with signal buffering, partial 
address decoding, interrupt masking, and 25 kHz power. In a system 
consisting of more than one MCU, the MCI and power buses connect through 
each BIF to the downstream MCUs in a "daisy chain" fashion. 
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3.3 MCU BACKPLANE SIGNALS 


The MCU backplane consists of 16 data lines in addition to control 
lines, system clock lines, control common lines, power bus lines, and 
several spare lines. The signals are defined in table 35-1. 


MCU and backplane operation in reference to the MCI and BIF is described 
in the following paragraphs. 


All signals except clocks are inverted as they enter and leave a card. 
Negative true versions of signals are designated with aminus’7 sign 
suffix. For example, ADS-. 


3.3.1 Clock Signals 


A 2 MHz clock signal (TMHZ) originates in the MCI and synchronizes ACYC 
(Advanced Cycle) on its rising edge. Both TMHZ and ACYC are transmitted 
via the MCI bus to the clock circuit of the BIF. 


The BIF clock circuit delays ACYC half a cycle of TMHZ and generates a 
new signal on the falling edge of THMZ to form CYC (Cycle). The MCI 
card generates its own version of CYC so it can synchronize its 
operation with the function card's operation. The system clock TMHZ, 
ACYC, and CYC are buffered and sent to each function card via the 
function card backplane. 


The reason for the separate clock signals is that the THMZ square wave 
is too fast for MCI bus data communications; yet is required by some of 
the function cards. The ACYC and CYC signals are 500 kHz, 25 percent 
duty cycle signals. All control MCI bus signals are valid only on the 
rising edge of THMZ when CYC is high, and all transitions of non-clock 
signals occur on the first rising edge of TMHZ immediately following the 
high CYC. The signal ACYC on the function card backplane is ahead of 
CYC by 45 degrees (250 ns) and is only used to latch input data on some 
cards. 


A pulse detector monitors the TMHZ line on the BIF and connects a 25 
kHz, square wave to the function card backplane TMHZ line whenever the 
2-MHz square wave of TMHZ is missing. This circuit also drives the CYC 
line continuously true. 
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Table 3-1. MCI Bus and Function Card Backplane Signals 


SYMBOL } DESCRIPTION 


DPWR 


EN( - 
tnoYru 


DATS- 


NOTE: MCI bus signal unless otherwise noted. 
ACYC Advanced Cycle: Generated by MCI card on rising edge of 
TMHZ, generates CYC and latches input data on some cards. 


| ADS- Address Strobe: Used by BIF to decode the multiplexed 
| address and data on data bus Di through D1i6. At start of 
MCI bus cycle, ADS is true for 2 usec when address is 
on bus. No function card is enabled at that time. 
COM Common Line (not a signal): Provides common signal path 
for cards. | 
CLC Cycle of TMHZ (function card backplane): A 500 KHz, 
25% duty cycle signal going to function cards. Selects 
, cycle of TMHZ to use for timing. 
Di- thrul Data Bus: 16 bidirectional Data Lines. 
D16- 7 


Data Strobe: Tells function cards when the MCI is ready 
to send or receive data (used in conjunction with RESP 
from function cards). | 


Driver Power:. Backup +12 Vde to disable backplane drivers 
when power is lost. Minimizes the effect of power off. 


Enable (Function card backplane): Selects function card 
to be active during current backplane operation. EN is 


true during a read or a write from end of appropriate 
address strobe until beginning of next address strobe. 
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Table 3-1. Measurement and Control Backplane Signals (Continued) 


SYMBOL DESCRIPTION 


Function Interrupt: Set high by BIF on interrupt from one 
of its function cards. MCI card sees FIN, then identifies 
which card interrupted by reading BIF interrupt registers 
(low 8 bits = slot address, upper bits = unmask). One or 
more bits are true corresponding to interrupting cards 
(Bit 1 = card 1, Bit 2 = card 2, up to Bit 8 = card 8). 


NOTE: MCI bus signal unless otherwise noted. 

ENA- Hnable All: Simultaneously selects certain types of 
function cards to be active during a backplane operation. 
Used only for global write commands (no data returned). 


Function Interrupt (function card MCI bus): FINT 
goes true when the card wants service. FINT goes false 

after the card interrupt status is read by MCI card. There 
is one FINT line from each function card to the BIF. 


Immediate Execute Enable: Measurement strobe, synchronized 
to CYC, is examined by currently enabled card. Allows 
interrupting routine to issue a measurement strobe to a 
Single card. 


RAi- Register Address Bus from BIF to function cards: When ADS 

thru is true, BIF latches eight low order bits of MCI bus 

RA8 data bus onto register address bus, holding this address 
until next ADS. 

RIM Read Immediate: Driven true by MCI to read a function 
card register without changing previous address latched 
into the card. Cards must respond immediately to an 
operation accompanied by RIM. 

RESP | Response: Driven true by function card when ready for 
data transfer to or from MCI card. 
OWT- Second Word Transfer: Set true by MCI card coincident with 


second DATS when a second word is to be transferred to or 
from same register address. (DATS and RESP set time of 
actual transfer.) 


Dt 
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Table 3-1 MCI Bus and Function Card Backplane Signals (Continued) 


SYMBOL DESCRIPTION 


NOTE: MCI bus signal unless otherwise noted. 


SYN- System Normalize: Returns all function cards to their 
"ynower on" state (initialized condition). 


TMHZ Two Megahertz Clock: The frequency of the main system 
clock is 2 MHz for timing of function card state machines. 


TST- Test: Set by the MCI during "power on" self test to stop 
BIF from enabling any function card. 


WRT- | Write: Identifies "write" cycle on MCI bus for external 
and function card circuits when true. A "read" cycle is 
when WRT is false. WRT is also true during Address strobe 
on both write and read operations. | 


| | Execute: An internal measurement strobe, synchronized to 
CYC, which is looked at by all function cards (all 
function card measurements are initiated by XCUT or IEX). 


These substitute signals are not intended to allow normal MCU operation 
but are to provide clock-signal edges for resetting logic circuits on 
the function cards so. they will restart in known conditions. For 
example, the backplane interface circuit on each function card has a 
synchronous reset input which must have a positive-going clock edge 
while CYC is true in order to reset properly. Switchover from. the 25 
kHz signal to a 2 MHz signal occurs only when both signals are low. 


A pair of LED indicators on each BIF shows various conditions. One LED 
is green and indicates that the BIF has power and clock signals and is 
connected to the MCI bus and the 25 kHz supply bus. The other LED is 
red and indicates abnormal operation which is most likely one of the 
following conditions: : : 


Ae 25-kHz power is not connected to the BIF but the control cable is 
connected and the MCI power is on. 


be. The "daisy chain" of the control cable is broken somewhere between 
the BIF and the MCI, but 25-kHz power is connected to the BIF. 


Cs +12V supply on the BIF is not operating correctly. 
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d. Clock circuits on the BIF are not operating correctly. 
ee. Clock circuits on the MCI are not operating correctly. 
f. Power cable connected but control cable is not. 


If both indicators are off, then either the system power is off, or both 
the power cable and the 50-line control cable to the BIF are 
disconnected at some point in the chain. 


3.3.2 Initialization Signal 


A circuit on the BIF called "Power-on/System Normalize" issues a pulse 
labeled SYN when the power comes on. SYN is also generated by MCI bus 
signal MSYN from the MCI card. SYN sets several circuits on the BIF and 
function cards to their initial state and loads all zeros (0s) into some 
registers. 


3.3.3 Write Operation Signals 


In the write operation, a signal handshake is used to assure orderly 
transmission of data from the MCI card toa function card. A write 
Operation is usually employed for measurement control or output control 
commands. The write signals and handshake exchange between MCI card and 
function card, and signal timing are shown in figure 3-3. 


The following is a description of the "write" operation when the MCI 
card has data for a function card: A write operation starts when the ADS 
(address strobe) line goes true and the WRT (write line) goes true, or 
stays true if the preceding cycle was a write. ADS stays true for 2 
microseconds. At the same time a ‘J7-bit function card address is placed 
on the upper eight bits of data bus (D1-D16). The BIFs decode the 
address and one BIF selects one enable output (EN1-ENS). The lower 
eight bits of D1-D16 contain an input/output register address which is 
latched onto the function card bus lines RA1-RA8. 
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At the time when ADS goes false, the BIF enables the selected function 
card by driving the previously selected (one-of-eight) function-card bus 
enable line (EN1-EN8) with a true signal. With EN true during the next 
active clock qualifier (CYC), the function card accepts register address 
RA1-RA8, if the function card is finished with the previous register 
address. 


An exception to this is when the MCI card issues MCI bus signal ENA for 
global writes. Every function card which can accept a global write 
cycle responds as if it were enabled by its own unique EN signal. 


Also when ADS drops, the MCI card usually starts a handshake by raising 
DATS (data strobe) while it places data on the Di-D16 data bus. (In 
some special cases, there is a short delay between ADS and DATS.) After 
two CYCs, and if the addressed function ecard is ready to be written to, 
the card's write/read control circuit generates RESP (Response) on the 
MCI bus which tells the MCI card that the function card is accepting the 
data (handshake reply). The actual acceptance of the data occurs on the 
rising edge of TMHZ during the true CYC signal preceding the end of RESP 
and DATS by one full cycle of TMHZ. 


The EN signal remains true during DATS and RESP and remains true until 
the next read or write operation (beginning of next address). The next 
cycle begins when ADS goes true again. If a second word is to be 
written, a line called SWT (Second Word Transfer) goes true and the WRT 
line remains true. 


3.3.4 Read Operation Signals 


The read handshake and timing is very much like the write operation 
described above except that the function card is the source of data. It 
is used where the function card has measurement or status data to send 
to the MCI card. The read signals and handshake between MCI card and 
function card, and timing signals are shown in figure 3-4. 


The read operation covers’ the time between the start of one ADS signal 
and the next ADS. When the ADS line goes true, the function card 
address is placed on data lines D1i-D16. To write the address on the 
card the WRT line goes true (or stays true if the preceding cycle was a 
write). The BIF decodes the address and selects one of the eight enable 
lines (EN1-EN8). 


The input/output card register address for the data being written is 
contained in the lower eight bits of D1-D16, which is latched onto the 
function card MCI bus lines RA1-RAS. 
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The MCI card sets WRT false and DATS true, indicating it is ready to 
accept data (handshake starts), and the BIF enables the function card by 
raising the previously selected enable line (EN1-EN8) on the function 
card MCI bus. 


The RESP signal of the function card goes true at the same time data 
lines D1 - D16 are available, telling the MCI card that data is ready to 
be read (handshake ends). The MCI card accepts the data during this 
time on the rising edge of TMHZ while CYC, RESP, and DATS are true. 
Then RESP and DATS go false. The operation ends with its enable line 
going false and the MCI bus is ready for another address. The WRT 
signal will change to true at the beginning of ADS. 


3.3.5 Measurement Strobes 


All measurement input and output commands must have a measurement strobe 
to complete execution. (Miscellaneous commands to configure the card, 
to read status, etc., do not use a measurement strobe.) There are two 
measurement strobe lines on the MCI bus, TEX (Immediate Execute) and 
XCUT (Execute). IEX is used to cause command execution at the time of 
data transfer, and XCUT is used to cause command execution sometime 
after the data handshake. 


The IEX signal is accepted only by the currently enabled card; 
therefore, the interrupting routine can use a card without knowing the 
state of other cards. The IEX signal is normally "true" when a card is 
enabled, and any measurement command at that time will be carried to 
execution right away. If IEX is "false," any command at that time will 
set up the card for completion when the XCUT strobe occurs. If IEX has 
been commanded to be "false," it will turn to "true" again automatically 
at the end of the task, or sooner if specifically turned on by a 
command. 


The MCI sends XCUT as a strobe signal which is accepted by all function 
cards whether they are enabled or not. Any card which was set up by a 
measurement command while IEX was false (measurement strobe off) will 
delay execution of that command until receipt of XCUT or a later command 
with IEX. Upon receiving XCUT, the card will immediately complete the 
command. - For output commands, all the set up outputs change when XCUT 
is received. 


For input commands, the data transferred at the time of the first 
command with IEX false will not be the desired data. The desired input 
data will be input at the time of XCUT which must be followed by a 
normal read command. 
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Both IEX and XCUT are synchronized to CYC. On the function cards, both 
IEX and XCUT generate an internal card signal to be used in conjunction 
with the card's strobe circuits for pacing and reading data. 


3.4 BACKPLANE INTERFACE (BIF) 


The Backplane Interface (BIF) card is the interface between the MCI bus 
and the function card backplane which distributes the MCI bus signals to 
eight function cards in the MCU. A BIF must be installed in the first 
slot of every MCU. The backplane interface card is shown in figure 5-5. 


3.4.1. Function Card Addressing 


The desired function card is selected by MCU and slot number using seven 
bits of the i5-address bits. (Four bits select one out of eight MCUs, 
three bits select one out of eight card slots.) The remaining eight bits 
are the register address bits, RAt through RA8, which select individual 
inputs and outputs on the function cards. 


The 4-bit MCU address is entered on a 16-position rotary switch having a 
44-bit binary output representing the address of the MCU. 


3.4.2 Theory of Operation 


A block diagram of the BIF circuitry is shown in figure 3-6. LG 
contains data buffers, eontrol  butfiers, interrupt register, address 
latches, address decoding circuits, and power supply. 


Both the data words and 15-bit function card addresses are transmitted 
over the same data bus on the MCI bus. Data and addresses are separated 
by demultiplexing on the BIF, and tne current address is stored in the 
15-bit address latch. 
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Figure 3-5. Backplane Interface Card 
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Figure 3-6. 
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The address from the data bus appears on one side of the BIF address 
comparator, and the BIF address appears on the opposite side of the 
comparator. When the addresses match, the BIF address decoder is 
enabled. Three of the 15-bits in the address latch contain the slot 
address transmitted on the MCI bus. If that particular BIF is enabled 
as described above, these bits are decoded to one-of-eight enable lines 
(EN1 through ENS). The enable signal will “wake up" the addressed 
function card so it will communicate with the MCI card through the MCI 
bus as explained above under Write Operation Signals and Read Cycle 
Signals. 


The 16-line data bus to the function cards is isolated from the MCI bus 
by bidirectional tri-state (true/false or open) buffers. The lines on 
the measurement and control MCI bus (toward the MCI) are designated MD1 
through MD16. The lines on the function card bus (toward the function 
cards) are designated D1 through D16. 


The address format of the MCI bus and function ecard MCI bus lines is 
illustrated below: 


ADDRESS FORMAT 


7. Aeneas oe een | SLOTS IN SYSTEM 1 of 256 POSSIBLE REGISTERS 


USED gE WEED OF 8 SLOTS 


[bo neu Lilie tant 6S CHPABIL TY OF BF ACL 
3.4.3 Interrupts 


ON FUNCTION CARDS 


There are eight interrupt lines, one from each function card. slot, 
designated FINT1 through FINTS8. The bits on these lines are ANDed with 
the bits of the interrupt unmask register to allow only the unmasked 
interrupts to be stored in the interrupt register. The interrupt unmask 
allows only certain slots to be enabled so they can interrupt the system 
for service. Unmasking is set up through programming an "unmask" data 
word, usually at initialization of system operation. 


c 


One or more unmasked function card interrupts (function card bus signals 
FINT1-FINT8) will generate the MCI bus signal FIN (Function Interrupt) 
to the MCI card. The system recognizes FIN and, when ready to identify 
the source of the interrupt, reads, one at a time, the interrupt 
register on each BIF in the system. It does this with a read cycle 
(same as any data read) addressed to register 256, which is the last 
register on the last page of any slot in the MCU of interest. 


3-17 


Measurement and Control Unit 


When a BIF detects register address 256 it disables all function cards 
in the MCU and responds to the read operation by placing the contents of 
the 8-bit interrupt register on the lower eight bits of the data bus 
(MD1-MD8), and the contents of the 8-bit interrupt unmask register on 
the upper eight bits of the data bus (MD9-MD16). It also drives the 
MRESP line. The interrupt register and unmask register information is 
encoded one bit per slot; that is, MDS is true if slot 3 is 
interrupting, MD16 is true if slot 8 is unmasked. 


Once an interrupt reaches the MCI card, it may be cleared only by 
reading the interrupt register on the interrupting function card. The 
MCI card reads the interrupt register on each BIF in the system _ to 
identify the interrupting slot or slots. The MCI card then reads the 
interrupt register on the interrupting card. © Reading the interrupt 
register on the function card clears the register and clears’ the 
interrupt. 


3.4.4 BIF Power Supply 


The power supply on the BIF is energized from 17 Vrms, 25 kHg which 
comes from a small transformer on the card. The transformer is powered 
from the 27 Vrms, 25 kHz lines originating in the HP 12035A power 
supply. The 25 kHz power connects to the BIF on J12, and through it to 
downstream BIFs on Ji3 (or the opposite order of J13 and J12). A 
full-wave rectifier circuit followed by a filter is used in the BIF 
supply, providing ade input to an IC regulator giving an output of 
+12V. 


A line designated MDPWR on the MCI bus carrys 12 Vdc, continuously. If 
the BIF supply fails, the voltage (called DPR on the BIF) maintains | 
power on the BIF clock resynchronizer and data bus drivers. MDPWR fifi 
becomes DPWR in the BIF and connects through P2 to the function card @ 
backplane to power the function card bus drivers of any cards having a ™ 
power suppply failure. 


3.5 BACKPLANE WIRING 


The locations of the connectors for the MCI bus and function card MCI 
bus are shown in the BIF block diagram (figure 3-6). The digital, 
analog, and control signal MCI bus and function card MCI bus wiring 
diagram is shown in figure 3-7. A comparison of these two figures 
illustrates the location and wiring of signal distribution between the 
BIF and the function card slots. | f 
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Figure 3-8 shows thé* distribution of the individual enable lines 
(EN1-EN8), and the function card interrupt lines (FINT1-FINTS) to and 
from the eight function card slots. Table 3-2 lists the MCI bus signals 
in alphanumerical order for the signals defined in table 35-1. 


3.6 POWER DISTRIBUTION 


The power for the BIF cards is distributed as an ac voltage of 27 Vrms, 
25 kHz from the HP 12035 power supply or from an additional power supply 
if additional MCUs are added to the system. The high frequency allows 
the use of small sized components to provide de voltage for the card 
circuitry and gives the system higher noise immunity. The 27 Vrms 
enters each BIF on J12 or J13 through a 3-conductor cable, and is "daisy 
chained" to the next BIF through another cable connected to J13 or Ji2. 
The power cable part numbers are given in figure 3-2 (bus 
configuration). Power distribution is shown in figure 3-9. . 


De voltages of 15V, 12V, and 5V are required on the function cards. The 
BIF originates ac voltages for distribution on the function card MCI bus 
to the function card rectifier/filter/regulator circuits on the cards. 
A BIF supply transformer provides the following ac voltages to give the 
dc requirements: 21 Vrms center-tapped, 17 Vrms center-tapped, and 9 
Vrms center-tapped at 25 kHz. The 25 kHz voltages connect to the 
function card bus through P|. 


3.7 FUNCTION CARDS 


The remaining sections of this manual (Sections IV through XIV) contain 
information on the funetion cards and signal conditioning modules 
available with the HP 2250 system. Function cards provide for analog 
and digital user applications. Field wiring provides connections from 
the function cards to the sensors and actuators, such as’7~ switches, 
relays, transducers, etc., in the user's application process. 
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Figure 3-8. Distribution of Enable and Interrupt Lines 
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Table 3-2. Backplane Signal Distribution (Continued) 


BACKPLANE CONNECTORS CARD CONNECTORS 
SIGNAL BACKPLANE 
MNEMONICS J10 & Jil SIGNAL 
except as noted| MNEMONICS 
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Table 3-2. Backplane Signal Distribution (Continued) 


BACKPLANE CONNECTORS CARD CONNECTORS 
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NOTES: 
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Figure 3-9. Power Distribution Diagram 
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3.7.1 Analog Function Cards 


Sections IV through VIII provide a physical description, specifications, 
functional description, and calibration instructions for the analog 


function cards. 


The analog input and output cards that are available are listed in table 
546 In addition to their official names, the cards also are referred 
to by acronyms, that is, the Low-Level Mutiplexer card is referred to as 
the LLMUX and the Relay Multiplexer card is referred to as the RLYMUX, 
etc. The acronyms are parenthesized in table 35-3. 


3.7.1.1 Analog Input Cards 


The analog multiplexer cards provide input channel expansion for the HP 
25501A 16-Channel High-Speed Analog Input (ADC) card. A single ADC card 
can support up to seven multiplexer cards, thereby providing up to 240 


analog input channels to an HP 2250. 


The multiplexer cards, some with programmable gain amplifiers along with 


the autoranging capability oof the ADC card, can 


measure a wide dynamic 


range of voltages. For instance, inputs as low as 1.56 microvolts and 


as high as 100 volts can be measured by the 


respectively. High common-mode capability 
RLYMUX. 


3.7.1.2 Analog Output Cards 


LLUMUX and the RLYMUX, 
also provided by the 


Analog output voltages and currents are provided by the HP 25510A 


4-Channel Voltage/Current Analog Output card. 


The analog output card 


has electrically isolated outputs of -10.240 volts to +10.235 volts at 


20 mA, maximum. 
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Table 3-3. Analog Function Cards 


INPUT CARDS DESCRIPTION 


HP 255014 16-Channel High-Speed Analog Input Card 
(ADC) 


HP 255028 32-Channel High-Level Multiplexer Card 
(HLMUX) 


HP 25 505K 32-Channel Low-Level Multiplexer Card 
(LLMUX) 


HP 25504A 16-Channel Relay Multiplexer Card (RLYMUX) 


3.7.1.3 Input Signal Conditioning 


Analog input signal conditioning includes low-pass filtering, and 
current-loop termination. Low-pass filtering is useful for reducing the 
amplitudes of unwanted frequencies Such as 60 or {20 Hertz. 
Current-loop termination resistors change the inputs from current 
sources to voltages that can be processed by the ADC card amplifiers. 


Signal conditioning for the HLMUX and the LLMUX is provided by Signal 
Conditioning Modules (SCMs) which are small printed circuit boards that 
plug onto the HLMUX and LLMUX cards. The SCMs are optional and must be 
ordered separately. 


Information concerning the SCMs is provided in Section XIV of this 
manual. 
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3.7.1.4 HLMUX and LLMUX Signal Conditioning Modules 


A selection guide of SCMs versus analog input function cards is provided 
in table 3-4. The specifications, component diagram, and schematic for 
HP 25540-Series SCMs is provided in table 3-5. Note that the SCMs are 
used only by the LLMUX and HLMUX cards. 


Table 3-4. Analog Input Card Signal Conditioning Modules 


ANALOG SCM DESCRIPTION 
CARD 


255014 ADC Card (signal conditioning resistors and 
| capacitors can be added to the card). 


25502A HLMUX Card 
2D 0054 LLMUX Card 


255044 RLYMUX Card 


* A,B,C and D are the SCM suffixes relating to the SCM 
NUMBER listed below. 


SCM CHANNELS | 
NUMBER PER SCM DESCRIPTION 


25540A Blank (User supplies components). 


25540B Passive Filter Network Capacitors. 


255400 Current-Loop Resistors 


25540D | Current-Loop Resistors and Filter Capacitors 
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Table 3-5. SCM Data 


Specifications 


Current-loop termination 
Resistance: 


Temperature coefficient: 


Filter pole frequencies, 
Minimums 


250 ohms +/- 0.025% 


10 ppm per degree 
Centigrade. 


52 Hz and 7.5 Hz 


Component Location Diagram 


2250-114H 


HP 25540-Series Schematic Diagram 


OPTIONAL : 
CHANNEL 202 | 
INPUT CURRENT | 
LOOP 


7 7 IN 4 
aa eile ta a 


This circuit repeats eight times per SCM. The 


OUTPUT TO 
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dashed lines are part of the multiplexer card circurts. ; 
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3.7.1.5 Power Supply Circuits 


Each analog card has its own power supply circuit which rectify and 
regulate a 25 kHz sine-wave voltage from the BIF into +12 Vde for use by 
the analog card. Also received from the BIF is a +12 Vde signal which 
is used by the analog cards to keep their backplane drivers disabled in 
the event that their own +12 Vdc power supplies fail. | 


3.7.1.6 Register Addressing 


All input and output channels, channel gains, and certain system 
functions on the analog cards have associated addressable read/write 
registers which, when written to or read from, perform a particular 
operation. For instance, if the Card ID register of an analog card is 
programed to be read, the Card ID Register will return a two digit code 
(the last two digits of the card model number) indicating the type of 
card occupying the addressed slot. A write to an Output Channel 
Register on the Analog Output Card will cause the card to output an 
analog voltage/current from the associated output channel. 


There are 256 registers defined for the digital and analog cards, of 
which only a few have meaning for the analog cards as indicated in table 
3-6. Registers 254 and 255 are used by the firmware and are not shown 
in the table. Also, the status and interrupt registers are not shown, 
as they are not used by the analog cards. If read, all four of these 
registers should return zeros. 


Bach address shown in the table is dedicated to a particular register. 
For example, the Gain Register Addresses 19% through 208 for the HP 
25501A card relate to the card's 16 input channels, 1 through 16, 
respectively. In operation, writing to address 193 will store the gain 
value to be used by channel 1, and writing to address 194 will store the 
gain value to be used by channel 2, etc. 
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Table 3-6. Analog Card Addressable Registers 


Read Registers 


Analog Gain Data Zero Card ID Card 
Cards Register Register | Register | Register | Configuration 
Register 


2550 1:4 1943-208 129-144 
255024 193-224 129-160 
20 003K 193-224 129-160 
25504A 193-208 129-144 
25510A 


Write Registers 


Gain Output Channels 1-4 Card 
Register Registers Configuration 
Register 


HP 25501A 193-208 
HP’ 255024 195-224 
HP 25503A 193-224 
HP 25504A 194-208 


255108 65 through 68 
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NN 


This same relationship of addresses versus channel numbers applies to 

the Data Registers. Reading the Data Registers will cause a data 
transfer to the processor unit. However, the Data Registers are 
double-word registers containing the analog-to-digital-converter (ADC) 
output of the HP 25501A card in the first word and the system gain in 
the second word. | 


Zero Register Addresses 129 through 160 (channels 1-32) provide a zero 


input to the card when read. The Zero Registers are also double-word 
registers and contain the same information as described above for the 
Data Registers. The operation of the Zero Registers is described in 


this section in the paragraph "Zero Registers.’ 


The HP 25510A 4-Channel Voltage/Current Analog Output card, addresses 65 
through 68, respectively control its four output registers, channels 1 
through 4. When one of these addresses is written to, the selected 
channel outputs the programmed analog value. 


The Card ID and Card Configuration Registers are standard system 
registers. When the Card ID Register Address 253 is read, the card ID, 
which is a hard-wired code on the card, is sent to the processor unit. 
The code from the Card ID Register contains the last two digits of the 
card model number. For example, the code is Oi for the HP 25501A and 02 
for the HP 25502A. The Card ID Register can also accommodate a code for 
card revisions and options when they occur. Hence, until a revision 
occurs the card will only return the last two digits of the card model > 
number. 


For the HP 25502A, HE 2550584. and HP 25504A, the Card Configuration 
Register Address 249, when read, reports the status of the Open Sensor 
Detect Circuit as to whether it is activated or not. Open Sensor 
Detection is explained in the paragraph, "Open Sensor Detection", below. 
When written to, the Card Configuration Register either activates or 
deactivates the Open Sensor Detect circuit unless the same state is 
requested. That is, if the Open Sensor Detect is already activated and 
is then programmed to be activated again, no change will occur. The 
same is true for the deactivated state. 


The Card Configuration Register, Address 249, for the HP 25510A Analog 
Output Card can only be read. It contains information for each channel 
as to whether the channel is set for a unipolar/bipolar voltage output 
or for a current output. 


The Card Configuration Register, Address 249, for the HP 25501A card, . 
contains the "Global Autoranging" bit. When Global Autoranging is 
programmed, the Least Significant Bit (LSB) of the Card Configuration 
Register is set toa "one". When a Zero Register is read, the "high" 
LSB causes autoranging to occur which overrides the programmed gain of 
the ADC card's Programmable Gain Amplifier. 
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3.7.1.7 Open Sensor Detect 


The HP 25502, 25503, and 25504 cards each contain an Open Sensor Detect 


Circuit. This circuit ean detect an open circuit in one of the input 
channels. It is turned on or off by setting or clearing bit 7 of the 
card configuration register (register 249). When the Open Sensor Detect 


is on, the card puts out a small current (1 to 6 microamperes) to check 
for an open circuit. If the circuit is open (an input line is broken or 


unplugged), the current feeding into the high resistance will drive the 
voltage to the overrange state and give a positive full-scale voltage 
reading. This will happen on any gain range of 1 or greater. The Open 


sensor Detect circuit does not work for gains of less than 1. 


An overrange condition produces the same resSultS aS an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 


occurs. To determine whether an overrange condition or an open circuit 
is causing the full-scale reading, turn off Open Sensor Detect and take 
another reading. If the input circuit is open, the voltage reading will 


drop to a low noise level; if the circuit is closed and an overrange 
voltage is present, the reading will remain at full scale. 


Another condition that can cause a full-scale reading is a high 
resistance in the input circuit. When the detection current is applied 
to such a resistance, the voltage induced in the circuit can give a 
full-scale reading, especially in the higher gain ranges. You can 
distinguish this situation from an open circuit by reducing the gain and 
taking areading: if the circuit is closed, the voltage reading will be 
less than full scale in the lower gain ranges; if it is open, the reading 
Will remain at full scale in all gain ranges of 1 or greater. 


If the voltage induced by the detection current contaminates your reading 
excessively, you can turn on the Open Sensor Detect circuit to check for 
an open circuit, and then turn it off to make the actual reading. 


When you use open sensor detection, you must allow time for the detection 
current to charge up any capacitance in the input of the channel you are 


testing. To do this, turn on Open Sensor Detect, take a reading, wait 
for the capacitance to charge up, and then take another reading; the 
second reading will be valid. Note that the two readings must be taken 


in the same command sequence. That sequence would have the general form: 
CPACE (delay) WPACE BLOCK AI (slot,channel ,2) 
where "delay" is the time interval between the two readings. In most 


cases, one second of delay will yield good results; it may need to be 
greater, however, if the capacitance in the input circuit is very high. 


3.7.1.8 Zero Registers 
The offset voltages of the multiplexer cards and the HP 25510A card may 


be checked by reading their ZERO registers. Addressing a ZERO register 
connects a short across the input of the card's Amplifier. The resulting 
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offset voltage is processed by the HP 25501A ADC card in the same manner 
as for a normal analog input voltage as described in the individual 
function card sections. 


The HLMUX and LLMUX cards each have 32. Zero Registers, one for each of 
their 32 input channels. The ADC and RLYMUX ecards have sixteen Zero 
Registers. Even though there is a Zero Register for each channel, only 
one need be read to obtain the offset voltage for each gain range. When 
the Zero Register of a multiplexer card is read its offset voltage is 
sent to the input of the ADC ecard. As an offset voltage from a 
multiplexer card is processed by the ADC card it is cumulatively added to 
that developed by the ADC card. The combined offset voltage is then sent 
to the processor unit as the total analog system offset voltage. 
According to the programmed command, the offset voltage may be used to 
give corrected analog voltage readings or non-corrected readings. For 
improved accuracy involving analog voltage readings to be corrected, the 
offset value should be read for each range to be used. 


3.7.2 Digital Function Cards 


Sections IX through XII cover HP 2250 digital function cards and provide 
physical descriptions, specifications, and functional descriptions for 
each card. ee 7 


The digital input and output capability of the HP 2250 is provided by the 
digital function cards. The digital input and output cards that are 
available with the HP 2250 are listed in table 3-7. : 


3.7.2.1. Digital Input Cards 


Digital inputs are provided by the HP 25511A 32-Point Digital Input and 
the HP 25516A 16-Point Multifunction cards. | | 


The input functions of the HP 25511A and HP 25516A cards are basically 
the Same except that the multifunction card (HP 25516A) includes event 
counting which is not available in the 32-point digital input card (HP 
255-1 A). 


The inputs of the cards are divided into 16-point fields, and each field 
has an external strobe input. The external strobe is optionally used to 
synchronize the desired input data, and to delay the time between card 
setup and data input so the points of several cards can be input 
Simultaneously. 


The inputs offer different characteristics through the use of signal 
conditioning modules (SCMs) which you select and attach to the cards 
during installation. SCMs for the input-point fields accomodat four 
points each, and they may be mixed on a card to take care of a variety of 
applications with one card. 
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3.7.2.2 Digital Output Cards 


Binary solid-state digital outputs are provided by the HP 25513A 
32-Point Digital Output card and the HP 25516A 16-Point Multifunction 
card. Relay switching outputs are provided by the HP 25514A 16-Point 
Relay Output card. 


The outputs are divided into 16-bit fields on the 32-point digital 
output (HP 25513A), 16-point digital multifunction (HP 25516A) and 
16-point relay output (HP 255144) cards. The digital output and relay 


output cards have an external strobe input to synchronize changes in 
output states, and to coordinate the setup of more than one card. 


Table 3-7. HP 2250 Digital Function Cards 


PRODUCT DESCRIPTION | 


2551474 32-Point Digital Input 


290 1 Oe 32-Point Digital Output 


25514A 16-Point Relay Output 


255164 16-Point Digital Multifunction 
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3.7.2.3 Digital Function Card Signal Conditioning 


Signal conditioning modules are used with all digital function cards. 
They are inserted in series with the I/0 ci reuls and the I/0 connectors 
to which the field wiring attaches. 


Digital SCMs provide various options on isolation of the field wiring, 
input signal range, and acor dc signals. For the relay output card, 
arc suppression SCMs provide options for various voltage ranges and ac 
or de selection. 


Table 43-8 contains a digital SCM selection guide. 
3.7.2.4 Digital Function Card Register Addressing 


All input and output points, point sense conditions, event counting, and 
certain system functions on digital function cards have associated 
addressable 16-bit read/write registers. The registers when written to 
or read from, perform a particular operation according to the program 
request. ; . 


The registers defined for the digital cards are listed in table 3-9. 


Hach address shown in the table is dedicated to a particular register. 
For example, the Point Register Addresses 1 through 32 for the HP 255114 
relate to the input points 1 through 32. In operation, reading from 
address 1 will return the state (value) of the input of Point 1. 
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Table 3-8. Digital SCM Selection Guide 


PRODUCT REFERENCE 


FUNCTION |CROSS REFERENCE DESCRIPTION 
CARD SCM NUMBER 


2 a 32-Point Digital Input. 


25513A 
25514A 16-Channel Relay Output. 


255164 42-Point Multifunction 


* Single Channel SCM for External Strobe Input 


SCM CROSS REFERENCE GUIDE 


SCM NO. PRODUCT NO. POINTS DESCRIPTION 


1 25531-Series 4 Non-Isolated Digital Input. 
2553:1 5 5 VDC Range. 
2903516 12 VDC Range. 
2595-1.) 24 VDC Range. | 
2020 5\8 48 VDC Range. 
ZOD OVE 5 VDC Range,Sink Inputs. 
2°55 51 di 12 VDC Range, Sink Inputs. 
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Table 3-8. Digital SCM Selection Guide (Continued) 


| SCM CROSS REFERENCE GUIDE | | | 
SCM NO. |. PRODUCT NO. POINTS DESCRIPTION 


25533-Series Isolated Digital Input. 

200250 VDC Range. 

2IDIIC VDC Range. 

29595) Vdc (16 VAC) Range. 
ae 1 We VDC Range. 

rae ee VDC Range. 

255556 120 vDCc ( 72VAC) Range. 
2099 ON 115 VAC Range. 

e202 79 230 VAC Range. 


25535-Series Non-Isolated Digital Input. 
SID 8 | 5 VDC Range. 
ZOD 996 | | 12 VDC Range. 
229290 | 24 VDC Range. 
“a a> 1 op 48 VDC Range. 
295 55K 5 VDC Range, Sink Inputs. 
25 Ob 12 VDC Range, Sink Inputs. 


25537-Series Isolated Digital Input. 
2555 7 5 VDC Range. | 
25537 12 VDC Range. 
2500 Ck 24 VDC (16VAC) Range. 
2559 1S 48 VDC Range. 
25 5) 0 es 78 VDC Range. 
2555 7U 120 VDC (72VAC) Range. 
eo tN 115 VAC Range. 
2553 7W 230 VAC Range. 


25543N Isolated Digital Output, 
VMOS Solid-State Circuit. 


25544-Series Non-Isolated Digital Output 
2554448 Open Drain Circuit. 
255448 5 VDC Range. 
255440 12 VDC Range. 


25 54-5-P Nolid-State Relay Output 
(Reduces usable points by 2). 
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Table 3-8. Digital SCM Selection Guide (Continued) 


SCM SELECTION GUIDE 


SCM NO. PRODUCT NO. POINTS DESCRIPTION | 


25539-Series 


Are Suppression Circuits. 


25539A For user added components. 
200991 O to 30 VDC Range. 

25539G 24 VAC Range. 

250 59H 115 VAC Range. 


255599 230 VAC Range. 
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Table 53-9. Digital Cards Addressable Registers 


FUNCTION! REGISTER | 
CARD (DECIMAL) DATA 


255114 1-16 Input Points 1-16 (Field 1 Current State) where 
255168 Point 1=Reg. 1 (Bit 0),Pt. 2=Reg. 2 (Bit 0),etc. 
255 14h 17-32 Input Points 17-32 (Field 2 Current State) 


where Point 17= Reg. 17 (Bit 0),Point 18= 
Reg. 18 (Bit 0), etc. 


255154 65-80 | Output Points 1-16 (Field 1 Current State) 
25514A where Point 1=Reg. 65, Point 2= Reg. 66, etc. 
25516A | 

25 51.58K 81-96 Output: POLnts- 1/32 (Field 2 Current State) 


where Point i7=Reg. 81, Point 18= Reg. 82, etc. 


25516A 1129-144 | Event Counter (16 Registers for 16 Input Points 
where Counter 1=Reg. 129, Cntr. 2=Reg. 130,etc. 


25516A |145-160 Counter Preset (Preset No. for Event Counters) 
where Preset i=Reg. 145, Preset 2=Reg. 146,etc. 


2 Wwe 1:61 Tnputy. Pield: | of Pointe 1<16.* 

25516A 

25511A 162 Input Field 2 of Points 17-32.* 

255138 i Output Field 1 of Points 1-16* 

255144 

25516A 

255158 178 Output Field 2 of Points 17-32* 

25511A 209 Field 1 Sense (Direction of Change for Event).* 
25516A 

C5511A4 225 Unmask of Field 1.* 

25516A 

25511A 210 Field 2 Sense (Direction of Change for Event).* 
255114 211 Override Field 1 (Allows both Directions of 
25516A Change for Events.* | 
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Table 3-9. Digital Cards Addressable Registers (Continued) 


FUNCTION | REGISTER 
CARD (DECIMAL) DATA 


25511A Unmask of Field 2.* 


25511A Override Field 2 (Allows both Directions of 
Change for Events.* 


25516A Counter Rollover. 


25511A Interrupt of Field 1 (Record of Event 
25516A Interrupts). Resets on Read.* 


25511A Interrupt of Field 2 (Record of Event 
Interrupts). Resets on Read.* 


Card Configuration. Bit 0 =Field 1 Ext Strobe 
Mode, Bit l= Field 2 Ext Strobe Mode. (Ext. 
Strobe required when set.) Bit 8=Field 1 Strobe 
Polarity,Bit 9=Field 2 Strobe Polarity. 
(Latches on rising edge when set.) 


Card Status. Busy:Bit 15 (Card Busy When Set 
and Will Not Accept Commands). 

Strobe Wait:Bit 0 Field 1, Bit 1 Field 2 
(Card Waiting for Strobe When Set). 


Card Identification: Decimal 11=HP 2551]1A. 
Decimal 13=HP 25513A. 
Decimal 14=HP 25514A. 
Decimal 16=HP 25516A. 


*Cards with a maximum of 16 points have one field (Field 1). Field 
register bits correspond to Points of Field, as follows: 


For Field 1, Bit O Point 1 
Bit 1 Point 2, etc. 


For Field 2, Bit 0 Point 17 
Bit 1 Point 18, etc. 
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The functions of the registers are defined in table 3-9 and explained 
further in the functional descriptions of the individual cards (Sections 
VI through XII of this manual). Operation of the Card Status Register 
(Register 251) is further described below to point out differences in 
applying an External Strobe for digital input and digital output cards 
(providing that the corresponding External Strobe bit in the 
Configuration Register is set). | 


Bits 0 and 1 of Register 251 are "Strobe Wait Bits," where Bit 0 is for 
Field 1 and Bit 1 is for Field 2. When the bit associated with a field is 
set (true) the card will wait for further operation on that field with 
the following meanings: 


a. Output data has not been strobed to the second-rank output drivers; 
i.e. the most recent programmed change has not appeared at the 
output pins. An External Strobe will move data to the output pins 
and clear the bit. 


b. Input data has not been latched since the last time there was a 
"read" from the card's Input Point Register. An External Strobe will 
latch new data and clear the bit. 


3.7.3 FUNCTION CARD CABLING 


In the next several paragraphs we will discuss the cables that connect 
the function cards to the field wiring. Figure 3-10 shows a typical 
cable and field wiring assembly. 


One end of each function card cable hasS a connector that attaches to the 
function card; the other end of the cable attaches to the field wiring, 
as explained below. 


Connectors on the function card end of the cable may be: 


1) Digital function card connectors. These connectors are used for 
all digital function cards. 


2) Analog function card connectors. These connectors are used for all 
analog function cards except the HP 25504 Relay Multiplexer 
(RLYMUX) card. 


3) RLYMUX card connectors. These connectors are used only for the 
HP 25504 RLYMUX card. (These special connectors are used because 
of the high common mode voltages -- up to 350 volts or more -- that 
may be connected to the RLYMUX card.) 


Connectors on the field wiring end of the cable provide for attachment to 
your sensors and actuators. They may be: 


1) Screw terminations. (This is the type shown in figure 3-10.) The 
screw terminations allow you to connect wire as heavy as 14 AWG 
using a screwdriver. 


( 
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Figure 3-10. Cabling and Field Wiring Assembly 


2) Unterminated cables. Cables with no terminations’ allow you use 
your own connectors. 


3) Thermocouple Reference Connector (TRC). The TRC allows direct 
connection of thermocouple wiring and provides an accurate 
reference junction for thermocouple measurements. The TRC is 


described in Section XIII of this manual. The TRC is for use with 
only the HP 25503 Low Level Multiplexer (LLMUX) card or the 
HP 25504 RLYMUX card. 


Table 3-10 shows the combinations of cables and connectors that are 
available. 
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Table 3-10. Function card cables 


digital 
digital 


Product 
Number 


screw terminations 
unterminated 


25550A 
25550B 


screw terminations 
unterminated 


25551A 
25551B 


analog* 
analog* 


screw terminations 
 unterminated 


2509 L€ 
25551D 


RLYMUX 
RLYMUX 


25594A 
25594B 


* except HP 25504 RLYMUX card | 


The descriptions of the function cards in Sections IV through XII of this 
manual give the pin assignments of the connectors on the function cards. 
Figure 3-11 shows the numbering of the connector modules and pins. 


LLMUX 
RLYMUX 


thermocouple reference 
thermocouple reference 
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Section I'V 
HP 25501A 16-Channel High-Speed Analog Input 


4.1 INTRODUCTION 


This section provides information for the HP 25501A 16-Channel 
High-Speed Analog Input card. Included are a functional description, 
specifications, and calibration instructions. Installation information 
for the card is provided in the HP 2250 Measurement and Control 
Processor Installation and Start-Up Manual, part number 02250-90012. 


4.2 DESCRIPTION 


The HP25501A, shown in figure 4-1, provides the basic analog input 
capability for the HP 2250 Measurement and Control Processor system. 
Its combination of high speed (50 kHz) analog-to-digital converter, 
sample and hold amplifier, and programmable gain amplifier (gains of 1, 
2, 4, 8, or autorange) provides the ability to process a wide variety of 
analog input signals. The card also features 14-bit resolution, 
overvoltage protection, automatic zeroing, and provision fOr 
user-installed input signal conditioning. 


The HP 25501A card has 16 addressable input channels which can be 
expanded up to a maximum of 496 input channels by the installation of up 
to 15 HP 25502A 32-Channel High-Level Multiplexer cards and/or HP 25503A 
32-Channel Low-Level Multiplexer cards. 
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Figure 4-1. HP 25501A 16-Channel High-Speed Analog Input Card 
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4.3 SPECIFICATIONS 


Specifications for the ADC card are provided in table 4-l. 


4.4 INPUT SIGNAL CONDITIONING 


Plated-through holes are provided on the card for the installation of 
user-Supplied input filter capacitors and current-loop termination 
resistors. There are 32 plated-through holes for capacitors and 32 for 
resistors allowing one capacitor and one resistor to be connected across 
each differential input channel. 


Resistors with a value of 250 ohms +/- 0.02 percent should be used for 
current-loop termination. The capacitor values to be selected will vary 
depending on the deSired cut-off frequency needed for the low-pass 
filter. The following information will help in selecting the desired 
capacitor values. 


Bach input circuit of the card has two fixed resistors giving an 
effective resistance of 2400 ohms for use in the filter circuit. The 
2400 ohm value, along with the desired frequency, should be used in the 
following formula to calculate the appropriate capacitor value. The 
value computed will set the low-pass filter to the 3-db point with a 
6-db-per-octave rolloff at the designated frequency. 


C = 1/(2*pi*R*F) 
where 
C is the value of the capacitor to be determined, in farads 


R is the 2400-ohm resistance value 
F is the frequency, in hertz 
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FEATURES 


Table 4-1. HP 25501A Specifications 


14-bit resolution 


50,000 samples/second 


16 differential input channels 


Programmable gain amplifier 


Autoranging at the full 50,000 samples/second 


Auto zero 


Input protection on all 16 differential input channels 


Accurate to within 0.08% over 0 to 65 degrees C 


APPLICATIONS 


Conversion of analog signals from transducers, transmitters, 


temperature sensors, 


and high resolution. 


PROGRAMMING INFORMATION 


AI command: 
AIR command: 
AID command: 
AIC command: 
GAIN eonnmana 
RGAIN command: 
AON command: 
AOFF command: 
CLB command: 


RANGE command: 


Return 


Return 


Return 


Return 


etc., to digital form, with high speed 


voltage from specified channel in millivolts 
voltage in HP 1000 real format 
voltage in double integer format 


data from channel in raw card format 


Set gain (range) on a specified channel 


Read gain (range) on a specified channel 


Autorange on 


Autorange off 


Perform an auto~-zero cycle 


Set analog range 
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Table 4-1. HP 25501A Specifications (Continued) 


ELECTRICAL CHARACTERISTICS 


INPUT RANGES AND RESOLUTIONS 


“Input Channel Input Channel PGA 
Span Range Resolution Gain 
20V 1 


MAXIMUM INPUT VOLTAGES FOR RATED ACCURACY 


Maximum differential voltage + maximum common node voltage 
must be less than or equal to +/- 10 volts 


Example: On the +/- 2.5 volt range, the maximum 
differential input allowed is +/- 2.5V, 
therefore: 


265: = Ted VOLTS 


SOURCE IMPEDANCE AND IMBALANCE; RETURN IMPEDANCE 
Maximum source impedance for rated accuracy: 1K ohm 


Maximum source imbalance for rated accuracy: 1K ohm 


Maximum return impedance for rated accuracy: 10K ohm 
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Table 4-1. HP 25501A Specifications (Continued) 


INPUT IMPEDANCE 


Power On: >= 10 megohm shunted by <= 80 pF 


Power Off: 1K ohm +/- 10% to ground 
2K ohm +/- 20% to any other signal input line 


INPUT OVERLOAD PROTECTION 
No damage will occur below the following levels: 


Power On Steady State: Up to +/=- 25 volts on any ONE input 
Signal line to ground, or to any other 
ONE signal input line. 


Derate by 1 volt for each additional overloaded 
signal input line. 


Example: What is the maximum simultaneous 
allowable overload on 4 input 
channels? 


There are 2 input lines per channel, 
therefore, 


Max overload voltage per line = 
25 - (4 x 2 x 1-) = 17 volts 
Transient: +/- 50 volts on any one input signal line 


to ground or to any other one signal 
input line, for a maximum of 10 seconds. 


Power Off Steady State: Up to +/- 15 volts on any ONE input 
Signal line to ground, or to any other 
ONE input signal line. 


Up to +/- 12.5 volts on all input signal lines 
Simultaneously. . 
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Table 4-1. HP 25501A Specifications (Continued) 


COMMON MODE REJECTION AND CROSSTALK 


Common Mode Rejection: 


Source Imbalance Frequency Common uV of Error Referred 
Mode GO: Input Per 1 Volt -of 


Rejection] Common Mode 


AC Crosstalk: 


Frequency mV of error referred to input 
per 1 volt of signal on adjacent 
channel 

96 


DC to 2.5 kHz 


5 kHz 90 
10 kHz 84 
25 kHz T2 


Overload Crosstalk: 


Readings on channels adjacent to overloaded channel will meet AC 
crosstalk specification for overload voltages within the input 
overload specification. 


Overload Recovery Time: 


Readings within rated accuracy within 1 msec after removal 
of maximum overload, or after changing channels from 
overloaded to non-overloaded channel. 
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Table 4-1. HP 25501A Specifications (Continued) 
ACCURACY 


Static Accuracy: 


(DC frequency inputs), without auto-zero cycle, at 25 degrees C 


Input Channel 
Range Accuracy Referred To Input (+/- 1/2 LSB) 


% of Full Scale 
Referred to Input | Volts Referred to Input 


AC Accuracy: 
Bandwidth: 


Full-Power Bandwidth 


Input Channel Range Bandwidth 
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Table 4-1. HP 25501A Specifications (Continued) 


Small Signal Bandwidth 


Input Channel Range Bandwidth 


Effective uV RMS uV Peak-to-Peak 
Input Channel Range Referred to Input Referred to Input 
- 10 


SAMPLE AND HOLD 


Aperture Time: < 50 nsec 


SETTLING TIME 
Output data within 2 LSBs of final value within one conversion 
time (20 usec) for any in-range combination of full-scale inputs 
and range changes. 


Example: Channel 1 at +10 volts to channel 2 at -10 volts, or 


Channel 6 at +10 volts on +/- 10 volt range to 
channel 11 at -1.25 volts on +/- 1.25 volt range 


PACING CAPABILITY 


To 50 kHz maximum, channel to channel or across channels, random 
or sequential sequencing. 


Slower rates software selectable. 
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Table 4-1. HP 25501A Specifications (Continued) 


AUTORANGING CAPABILITY 


(Can be selected on a card or per-channel basis) 


Autoranged Gain Effective Input Range (+/- 2%) 


Autoranging Time: No additional conversion time required for 
autoranging. Does not affect throughput. 


PHYSICAL CHARACTERISTICS | 
Width: 28.91 cm (11.38 in.) 


Depth: S48: sem t15e5: Ens) 


Height: 3.49 cm (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


Lt current-loop termination is desired, installation of the 
user-supplied components can be made using the plated-through holes 
provided on the card. 


The bottom two rows of holes are for connecting the current-loop 
resistors. The upper two rows are for connecting the low-pass filter 


capacitors. After the components are selected, install them by 
inserting their leads into the plated-through holes for the desired 
channels and solder them into place. All soldering and lead dressing 


should be performed by qualified personnel abiding by standard 
manufacturing soldering techniques and safety rules. 
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4.55 FUNCTIONAL DESCRIPTION 


Figure 4-2 is a functional block diagram of the ADC showing the 
input/output buses and the major functions of the ADC card. 


The primary purpose of the ADC card is to sample an analog input 
voltage, convert its value to a%14-bit digital word, and transfer it 
along with the system gain to the HP 12071A Measurement and Control 
Interface (MCI) card. 


Up to 16 channels can be connected directly to the input connectors on 
the ADC card. Hach input channel has an associated DATA register. An 
input channel is selected by addressing its associated DATA register. 


The differential analog input voltage from the selected channel passes 
through a Multiplexer circuit and drives a Differential-to-Single-Ended 
Converter. The output of the Single-Ended Converter is applied to the 
input of a Programmable Gain Amplifier (PGA). 


Bach differential input channel on the ADC card has an associated GAIN 
register. At any time, you may program a GAIN register to change or 
read its contents. Each of these GAIN registers can be programmed to 
one of the following gain selections: 1, 2, 4, 8, or autoranging. When 
a reading is requested from a specific channel, the contents of the 
associated GAIN register automatically set the gain of the PGA to the 
programmed value or to autorange. The autoranging operation is 
described later in this section. 


After amplification in the PGA, the analog voltage is sampled by a 
Sample and Hold Amplifier. When a Measurement Strobe occurs, the sample 
is stored. The stored voltage is then converted to a digital word by 
the ADC circuit. The 14-bit digital output word and the system gain 
value from the ADC card are sent to the MCI card, in response to a read 
from the selected DATA register. 7 


4.5.1 Autoranging 


In the autorange mode, the ADC card compares the value of the input 
voltage to an internal reference voltage, and then selects the highest 
gain it can use without overloading the ADC. At power turn on, the HP 
2250 system sets the ADC card PGA to a gain of 1. The autorange mode is 
useful for measuring voltages of unknown amplitudes or for voltages of 
wide dynamic range. 
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Figure 4-2. HP 25501A Functional Block Diagram 
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The nominal range switching point is at 80 percent of full scale. There 
is a slight hysteresis around the switching point, therefore multiple 
readings on a channel with an input value very close to the switching 
point will not repeatedly switch back and forth between ranges. The 80 
percent switching point effectively reduces the resolution from a percent 
of maximum reading to 80 percent of that for a programmed gain mode. 


4.6 REGISTER ASSIGNMENTS 


Register assignments for the ADC card are shown in table 4-2. 


The analog input cards (ADC and multiplexers) all have the same register 
assignments. The raw data returned from the card is in double word 
format. The register assignments) allow for future expansion up to 48 
channels per card. 


To read the zero-reference voltage on a channel, read from _ the 
appropriate register on pages 9-11. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 


The meaning of the configuration word of the analog input cards varies 
from card to card. For the ADC card, the following meanings apply: 


Bit Meaning 


a 1 - Autorange all channels 
O - Use programed autorange bits 


A read of the card status register always will return 0. 
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TABLE 4-2. 


DATAY 
DATA1O 
DATAI1L 
DATA12 
DATA13 
DATA1 4 
DATA15 
DATA16 


word 1 word 2 


GAINY 

GAIN10 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


DATA32 


ANALOG INPUT REGISTER ASSIGNMENTS 


lst 
DATA17 
DATA18 
DATA19 
DATA20 
DATA21 
DATA22 
DATA23 
DATA24 


DATA25 
DATA26 
DATA27 
DATA28 
DATA29 
DATA30 
DATA31 


word 1 word 2 


2nd 
GAIN17 
GAIN18 
GAINI19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


word 1 word 2 


PAGE 1 PAGE 2 PAGE 3 PAGE 4 


lst 
DATA33 
DATA3 4 
DATA35 
DATA36 
DATA37 
DATA38 
DATA39 
DATA40 


DATA41 
DATA42 
DATA43 
DATA44 
DATA45 
DATA46 
DATA47 
DATA48 


word 1 word 2 


2nd 
GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 


HP 25501 


TABLE 4-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE 9 PAGE 10 PAGE ll PAGE 12 


CON HNWM PWN FF’ 


ONAN UM PWN F 


GAINY 

GAINI10O 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


GAINY 

GAIN10 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAIN15 
GAIN16 


ZERO17 
ZERO18 
ZERO19 
ZERO20 
ZERO21 
ZERO22 
ZERO23 
ZERO24 


ZERO25 
ZERO26 
ZERO27 
ZERO28 
ZERO29 
ZERO30 
ZERO31 
ZERO32 


GAIN1I7 
GAIN18 
GAINI9 
GAIN20 
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4.7 PIN ASSIGNMENTS AND CABLING 


Table 4-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 


Table 4-3. HP 25501A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 


ID Resistor 
Ground 
Channel 9 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


-_ 
NO 


NMOMNMNMNNNNM Ws 
NO 


ID Resistor 
Ground 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


WW WW WW W W 
ONHNUPWDYKE 
ed ee 
a i i, i, i, i, | 
Gsm oe 
Se, i, a, ee, ee, ee, | 
WWWWW WW Ww 


i! 
1 
1 
1 
1 
1 
1 
1 


~~”. rs? 2 8&2 32 82 & 
~ s 3 23 2 82 2? & 


Note that Pins 1, 2, and 3 of J2 through J9 in each connector 
have the following connections: Pin 1 (+ Input), Pin 2 (- Input), 
and Pin 3 (Ground). 


The connection between the ADC card and the field wiring is made with one 
of two cables: 


HP 25551A (analog card cable with screw terminations) 


HP 25551B (analog card cable, unterminated) 
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4.8 CALIBRATION PROCEDURE 


If the ADC card is not operating according to its specifications, 
calibration may be required. After calibration, the overall operation of 
the ADC ecard can be verified by performing the verification tests 
described in the HP 2250 Diagnostics and Verification Manual, part no. 
25595-90001. Specific instructions for calibrating the ADC card are 
contained in the following paragraphs. 


4.8.1 EQUIPMENT REQUIRED 
The following is a list of equipment required for calibration: 


EQUIPMENT USE 


HP 3455A Digital Voltmeter Reference voltages, zero, 
and gain adjustments. 


HP 3310A Function Generator Common Mode Rejection 
adjustment. 


HP 180A Oscilloscope, with Common Mode Rejection 

HP 1806A Low-Frequency adjustment, and Sample 

Differential Plug-In to Hold pedestal 
adjustment. 

Accurate DC voltage source. PGA Gain adjustment, and 

Electronic Development Corp. ADC calibration 


Model 501J, or equivalent 


Extender Card Provides access to the 
HP 25501A 
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4.8.2 PRELIMINARY PROCEDURES 


a. 


g. 


Turn the HP 2250 system power OFF. 


CAUTION 


The ADC ecard contains static-sensitive components. Be 
Sure to use appropriate anti-static procedures when you 
handle the card. (The pages on "Safety Considerations" 
at the beginning of this manual describe the anti-static 
procedures that you should follow.) Failure to follow 
these procedures may result in damage to the card. 


Using the appropriate anti-static procedures, remove the _ HP 
HP 25501 card from its slot and insert the extender card in its 
place. Then insert the HP 25501A card into the extender card. 


Turn on power to the HP 2250 system and ensure that it passes 
self-test. | 


At the controller you are using (HP 1000, HP 9826, etc.), call the 
HP 2250 exerciser program (MCX, for example) and issue the command: 


ID(1,n)! 
where "n" is the number of function card slots in your HP 2250 
system. The ID codes of the function cards installed in the HP 


2250 system should be returned, and the ID code of 1 should be 
returned from the slot that the HP 25501A is in. 


From the exerciser program, issue the following command: 


AI(ade slot,1)! 
Two items should be returned: 


1. A condition code of 0, indicating that the command executed 
correctly. 


2. The data from the conversion on channel 1, which should 
should be any integer between -32768 and + 32767. Because no 
data was put into the card, you can't expect to know what the 
the data should be. All that is being determined with the 
command is whether the card will perform a conversion. 


If step f. was successful (an integer between -32768 and +32767 was 
returned), the calibration can be started. 
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4.8.3 COMMON MODE REJECTION ADJUSTMENT 


Perform the following steps: 


Ae 


From the exerciser program, issue the command: 
AI(adce slot,1)! 


Set the output of the 3310A function generator to the following: 


Frequency: 100 Hz 

Function: Sine wave 

Amplitude: 10 volts peak (20 volts peak-to-peak) 
DC offset: Zero 


Connect the function generator to the input of the HP 25501A as 
Shown below: 


HIGH CH 1 25501A 


LOW CH 1 


GND CH 1 


52A-0635 


Connect the + input of the HP 1806A CH A plug to the D/SE TEST 
POINT on the HP 25501A. 


Connect the —- input of the HP 1806A CH B plug to the PGA GND TEST 
POINT on the HP 25501A. 


Connect the ground clips of both probes to the PGA GND TEST POINT 
on the HP 25501A. 


Set the Scope vertical sensitivity to 5V/div, the time base to 
5msec/div, the trigger mode to internal, AC, and + _ slope. 
(Experiment to get a clear picture.) 


Verify that there is a 20 volt peak-to-peak sine wave coming out of 
the D/SE amplifier (the test point that the + probe 1s connected 
to. 
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4.8.4 


If there is a 20 v p-p Sine wave at this point, then you are ready 
to perform the Common Mode Rejection adjustment. If the 20 v p-p 
sine wave iS not present, the HP 25501A card is defective. 


Connect the output of the 3310A to the input of the HP 255501A as 


shown below: 


HIGH CH 1 25501A 


LOW CH 1 


GND CH 1 
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Increase the sensitivity of the scope to approximately 5mV/div. 
You Should see a sine wave with an amplitude of from 1 mV p-p to 10 
mV p-p. | 


Adjust R103 on the HP 25501A for a minimum output as viewed on the | 


scope. (Anything below 1 mV p-p is acceptable, as this corresponds 
to > 80 db of common mode rejection.) Use the BANDWIDTH LIMIT 
Switch on the scope, if necessary to eliminate noise on the 
display. 


If the output cannot be adjusted for < 1 mV p-p, the HP 25501A card 
is defective. 


SAMPLE-TO-HOLD DYNAMIC OFFSET ADJUSTMENT 


Perform the following: 


Ae 


b. 


Disconnect the 3310A function generator from the HP 25501A. 


Short the high and low inputs on the HP 25501A to its ground as 


HIGH CH 1 25501A 
we LOW CH 1 
GND CH 1 


shown below: 
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ec. From the exerciser program, issue the following command: 
REP(O);REW(BO);BLOCK READ(adce slot,1,10000);NEXT! 


This command sets up a high speed AI loop; no data will be 
returned. The HP 25501A is taking readings with a short pause 
after every 10000 readings. 


d. Move the + probe of the scope from the D/SE TEST POINT (from the 
previous test) to the S/H TEST POINT. Leave the - probe on the PGA 
GND TEST POINT. 


e. set the scope vertical sensitivity to 20 mV/div, AC coupled, and 
the time base to 5 usec/div. 


f. A Square, or Similar, wave should appear on the scope. Adjust R66 
(JUMP) on the HP 25501A so that the amplitude of the square wave 
decreases. Increase the scope sensitivity as necessary until it is 
in the 5 mV/div scale. MAKE SURE THAT THE BANDWIDTH LIMIT SWITCH 
IS IN THE 500 kHz POSITION FOR THIS TEST! 


g. You should observe a waveform Similar to that shown below: 


(sample) (hold) (sample) (hold) 
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h. Continue to adjust R66 until the line between sample and hold is as 
straight as possible (< 1 mV). 


i. The test iS now complete. Remove the + and - scope probes and 
ground clips from their respective test points. 


j. Issue the HPIB CLEAR message (CLEAR n on an HP 9826 desktop 


computer, where "n" is the interface number of the HP-IB interface, 
or CL from the MCX exerciser program on the HP 1000). 


4.8.55 AUTORANGING REFERENCE VOLTAGE ADJUSTMENT 


Perform the following: 


a. Connect the digital voltmeter - lead to the PGA GND test point and 
the + lead to the + 10V TEST POINT on the HP 25501A. 


HP 25501 


4.8.6 


Ensure that the digital voltmeter is in DC volts, autorange. 


Adjust R92 (+10 REF) on the HP 25501A until the voltmeter reads 
+10.070 volts, plus or minus 2 mV. 


Move the voltmeter + lead to the -10V TEST POINT. 
Adjust R98 (-10 REF) on the HP 25501A until the voltmeter reads 


-10.070 volts, plus or minus 2 mV. 


PGA AND SUMMING AMPLIFIER OFFSET ADJUST 


Perform the following: 


Ae 


b. 


Remove any test equipment still connected from the previous test. 


Connect the input of the HP 25501A Channel 1 as shown below: 


HIGH CH 1 25501A 


LOW CH 1 


GND CH 1 
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From the exerciser program, issue the following command: 
GAIN(adce slot,1)122 DREAD(adc slot,1)! 
Three data items Should be returned: 
1. A zero condition condition code. 
2. Any value, which should be ignored. 
3. 122, which is the gain code for a PGA gain of 8. 


Connect the + lead of the digital voltmeter to the PGA TEST POINT, 
and the - lead to the PGA GND TEST POINT on the HP 25501A. 


The digital voltmeter should read between +/- 100 mV. 


Adjust R82 (PGA ZERO) on the HP 25501A until the voltmeter reads 
zero, plus or minus 0.4 mv. 


eg 


4.8.7 
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From the exerciser program, issue the following command: 
GAIN(adc slot,1)98 DREAD(adc slot,l)! 


The first returned data item should be 0, ignore the second data 
item returned, and the third data item should be 98, which is the 
PGA gain code for unity gain. 


Connect the + lead of the voltmeter to the ADC TEST POINT, and the 
- lead to the AGND TEST POINT on the HP 25501A. 


Set SWl (CALIB) as follows: 


1 -- CLOSED 
2 -- CLOSED 
Ss. == CLOSED 
4 -- OPEN 


The digital voltmeter should read between plus and minus 30 mV. 


Adjust R37 (INO) on the HP 25501A until the voltmeter reads plus or 
minus 0.2 mV. 


set SWl to OPEN, CLOSED, CLOSED, OPEN. 


PGA GAIN ADJUST 


Perform the following: 


Ae 


b. 


Remove any test equipment still connected from the previous test. 


Connect the voltage source to the input of the HP 25501A as shown 
below: 


HIGH CH 1 25501A 


VOLTAGE 
SOURCE 


LOW CH 1 


GND CH 1 
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Connect the + lead of the voltmeter to the PGA TEST POINT 


lead to the PGA GND TEST POINT. 
From the exerciser program, issue the following 
GAIN(ade slot,1)98 AI(adc slot,l)! 


Switch the voltage source between plus and 
verify that the digital voltmeter reads plus 
respectively, with a tolerance of +/- 2 mV. 


Set the and then 


command: 


voltage source to +5 volts, 


GAIN(adc slot,1)106 AI(adc slot,l)! 


This sets the PGA gain to 2. 


Adjust R95 (G=2) on the HP 25501A until the 
volts, +/- 0.5 mv. 

Set the voltage source to +2.5 volts, and 
command: 


GAIN(adce slot,1)114 AI(adc slot,l)! 
This sets the PGA gain to 4. 


on the HP 25501A 


Adjust R90 (G=4) until the 
volts, +/- 0.5 mv. 

Set the voltage source to +1.25 volts, and 
command: 


GAIN(adc slot,1)122 AI(adc slot,l)!. 
This sets the PGA gain to 8. 


Adjust on the HP 25501A until the 


volts, 


R84 (G=8) 
+/- 0.5 mv. 


Issue the command RES! to complete this test. 


command: 
minus 10 


or minus 


issue the 


voltmeter 


issue the 


voltmeter 


issue the 


voltmeter 


and the - 


volts and 
10 volts, 


following 


reads +10 


following 


reads +10 


following 


reads +10 


\ 
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4.8.8 ADC GAIN ADJUST 


Perform the following: 


a. Remove any test equipment still connected from the previous test. 


b. Issue the following command: 
CPA(0,0,20);WPA;BLOCK AID(adc slot,1,50)! 
This sets the HP 25501A to pace at 20 usec, and requests 50 analog 


double word readings. These readings should be processed as shown 
in the following example program: 


LUTERM=LOGLU (SLU) !Get terminal LU 

READ (LU2250) CC !'Read condition code 

IF(CC .NE. 0)CALL ERROR 'Go to error handler 
if problem 

READ (LU2250) (V(I),I=1,100) 'Gather the 100 data 
items 

SUM = 0 

DO 10 I = 1,99,2 !DO loop to sum the 


50 readings 
SUM=SUM + (V(I)*0.025) + (V(I+1)*0.000001) 
10 CONTINUE 
AVERGE = SUM/50 'Calculate average of 
50 readings 
WRITE (LUTERM,20) AVERGE 
20 FORMAT ("Average = "F9.5,"volts") !Display average 
GOTO XXXX 'Repeat 


c. Connect the voltage source to the input of the HP 25501A as shown 
below: 


HIGH CH 1 25501A 


VOLTAGE LOW CH 1 
SOURCE 


GND CH 1 
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d. Set the value of the voltage source to 0 volts DC. 


e. Set SWl (CALIB) to CLOSED, CLOSED, CLOSED, OPEN. 
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Start the program’ running. You Should observe ae reading of 
approximately -0.06 volts. 


Be sure power has been applied to the card for at least 5 minutes 
before proceeding. 


On the HP 25501A, adjust the potentiometer marked ZERO until the 
display reads 0.00000, +/- 0.000500 volts. (An occasional noise 
jump outside the range may occur, this is normal.) 


Set the voltage source to +5 volts. 


On the HP 25501A, adjust the potentiometer marked +5VOLT until the 
display reads +5.00000, +/- 0.000500. | 


Set SwWl on the HP 25501A to OPEN, CLOSED, CLOSED, OPEN. 
Set the voltage source to + 10 volts. 


On the HP 25501A, adjust the potentiometer marked +1l0VOLT until the 
display reads +10.00000, +/- 0.000500. 


Set the voltage source to -10 volts. 


On the HP 255501A, adjust the potentiometer marked -l1l0VOLT until 
the display reads -10.00000, +/- 0.000500. 


Set the voltage source to +10, +5, 0, -5, and -10 and determine 
that the display corresponds with the above voltages plus or minus 
1.25 mv. If not, recalibrate the card from step d. 


Section V 
HP 25502A 32-Channel High-Level Multiplexer 


5.1 INTRODUCTION 


This section provides information for the HP 25502A 32-Channel 
High-Level Multiplexer (HLMUX) card. Included are specifications and a 
functional description. Installation information for the card is 
provided in the HP 2250 Measurement and Control Processor Installation 
and Start-Up Manual, part number 02250-90012. 


$.2. DESCRIPTION 


The HP 25502A, shown in figure 5-1, adds high-level, low common-mode 
voltage input expansion capability to the HP 25501A 16-Channel 
High-Speed Analog Input card. The HLMUX has 32 differential input 
channels with provision for low-pass RC (resistance-capacitance) 
filtering for noise reduction or bandwidth control on each channel. 
High-level inputs can be accepted at a channel-to-channel scan rate of 
50 kHz. 


5.3 SPECIFICATIONS 


Specifications for the HLMUX card are provided in table 5-1. 


HP 25502A 
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Figure 5-1. 


HP 25502A 32-Channel High-Level Multiplexer 
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Table 5-1. HP 25502A Specifications 


FEATURES 
32 differential input channels 
Auto zero 
Input filtering 
Current loop sense resistors 
Lnput: pro cection 


Open sensor detection 


APPLICATIONS 


Used for direct interface to high level, low common mode inputs 
without external amplifiers. 


PROGRAMMING INFORMATION 


AI command: Return voltage from specified channel in 
millivolts 


ATR command: Return voltage in HP 1000 real format 

AID command: Return voltage in double integer format 

AIC command: Return data from channel in raw card format 
GAIN command: Set gain (range) on a specified channel 
RGAIN command: Read gain (range) on a specified channel 
CLB command: Perform an auto-zero cycle 

RANGE command: Set analog range 
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Table 5-1. HP 25502A Specifications (Continued) 


ELECTRICAL CHARACTERISTICS 


INPUT RANGES AND RESOLUTIONS: 


Input Channel] Input Channel PGA 
Span Range Resolution CM** GAIN 
t/- 10 V 


1.25 mV 


10 V 625 uV 
5 V 51265 Uy 
2.5 V 156.25 uv 
* DM = differential input voltage In all cases: 
** CM = common mode input voltage ‘CM! +ipm| < 10 V 


MAXIMUM INPUT VOLTAGE FOR RATED ACCURACY 


Maximum differential and maximum common mode must be less than 
or equal to +/=- 10 volts. 


25502B 


Example: With a common mode voltage of +4 volts, the maximim 
differential voltage that can be measured would be 
+ | 6 volts. 


5-4 
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Table 5-1. HP 25502A Specifications (Continued) 


SOURCE IMPEDANCE AND IMBALANCE 
Maximum source impedance for rated accuracy: 1 K ohm 
Maximum source imbalance for rated accuracy: 1 K ohm 


Maximum return impedance for rated accuracy: 10 K ohm 


INPUT IMPEDANCE 


Power On: 10 M ohm shunted by <= 80 pf 
Power Off: 1 K ohm +/- 10% to ground 


2 K ohm +/- 20% to any other signal input line 


INPUT OVERLOAD PROTECTION 
No damage will occur below the following levels: 


Power On Steady State: Up to +/- 25 volts on any ONE input 
Signal line to ground, or to any other 
ONE signal input line. 


Derate by 1.0 volts for each additional 
overloaded signal input line. 


Example: What is the maximum 
Simultaneous overload on 4 
input channels? 


There are two input lines per 
channel, therefore, 


Maximum overload voltage per 
line = 25 - (4 x 2 x 1) 
17 volts 


Transient: +/- 50 volts on any ONE input signal line to 
ground or to any other ONE input signal line, for 
a maximum of 10 seconds. 
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Table 5-1. HP 25502A Specifications (Continued) 


Power Off Steady State: Up to +/- 15 volts on any ONE input 
Signal line to ground or to any other 
ONE input signal line. 


Up to +/- 12 volts on all input signal 
lines simultaneously. 


COMMON MODE REJECTION AND CROSSTALK 


Common Mode Rejection: 


Common Mode uV of Error Referred 
yource Rejection to Input Per i Volt 
Imbalance Frequency of Common Mode 


TQ 
251 
T94 


158 
TOT 
7294 uV 


AC Crosstalk: 


Crosstalk uV of Error Referred to 
Rejection input Per: | Volt-of Signel 
Frequency (db) on Adjacent Channel 


Overload Crosstalk: 


Readings on channels adjacent to overload channel will meet 
AC crosstalk specification for overload voltages within the 
input overload specification. 
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Table 5-1. HP 25502A Specifications (Continued) 


Overload Recovery Time: 


Readings within rated accuracy within 1 msec after removal 
of maximum overload, or after changing channels from 
overloaded to non-overloaded channel. 


ACCURACY 


Static Accuracy (DC frequency inputs) without autocalibrate | 
cycle at 25 degrees C: 


Accuracy % of Full Scale Volts Referred to Input 


0.01% +/- 1/2 LSB +/~ 1 mV +/- 1/2 LSB 


AC Accuracy: 


Full Range: 1 LSB degradation point 860 Hz, 
3 db degradation point 86 kHz 


Small Signal: 1 LSB degradation point 10 kHz, 
3 db degradation point > 500 kHz 


NOISE 


Effective RMS Volts Referred to Input: 1 mV 


Effective RMS Volts Peak-to-Peak Referred to Input: 25 mV 


TEMPERATURE COEFFICIENTS (0 TO 70 DEGREES C 
Drift %@ Full Scale Referred to Input/Degrees C: 0.0007%/degree C 
Drift uV Referred to Input/Degrees oF. 70 uV/degree C 


Gain Drift @ Full Scale Referred to 
Input/Degrees C: 0.004%/degree C 


aes 
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Table 5-1. HP 25502A Specifications (Continued) 


PHYSICAL CHARACTERISTICS 
Width: 28.91 om (11.38 in.) 
Depth: 34.8 com (13.54 in.) 


Height: 3.5 cm (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


5.4 INPUT SIGNAL CONDITIONING 


Low-pass filtering and/or current-loop termination for the HLMUX is 
provided by up to four Signal Conditioning Modules (SCMs). The 
four SCMs, and their descriptions, are listed below: 


SCM NUMBER CHANNELS DESCRIPTION 

HP 255404 8 Blank (user seedless components) 

HP 25540B 8 Passive filter network capacitors 
HP 25540C 8 Passive filter network current-loop 


resistors 


HP 25540D 8 Passive filter network current-loop 
resistors and filter capacitors 


The specifications, component diagram, and schematic for the SCMs are 
provided in Section III, table 3-5. 


The SCMs, if they are to be used, must be installed on the HLMUX card 
before the card is plugged into the measurement and control unit. SCMs 
may be installed in any or all of four locations (A5, A6, A7, and A8) on 
the card, depending on which input channels are to receive signal 
conditioning. 
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Install the SCM, with its component side up, by aligning its six guide 
holes to the six guide pins on the HLMUX card and pressing the SCM firmly 
into place. The physical orientation of the guide pins prevents improper 
installation of the SCM. The guide pins also serve aS Spacers to keep 
the SCM elevated from the surface of the card. Refer to the HP 2250 
Installation and Start-Up Manual, part number 02250-90012, for further 
information on installing an SCM. 


The installation of an SCM connects the Jl, J2, and J3 sockets on the SCM 
to the Jl, J2, and J3 pins, respectively, on the HLMUX card. 


If a blank SCM (HP 25540A) has been ordered, you must install Signal 
conditioning components on the SCM before it iS connected to the HLMUX 
card. Resistors with a value of 250 ohms +/- 0.02 percent should be used 
for current-loop termination. The capacitor values to be used will vary 
depending on the desired cut-off frequency needed for the low-pass 
filter. 


The following formula may be used to select the desired capacitor values. 
The value computed will set the low-pass filter to the 3-db point with a 
6-db-per-octave rolloff at the desired frequency. 


C = 1/(2*pi*R*F) 
where 


C is the value of the capacitor to be determined, in farads 
R is 2400 ohms 
F is the desired frequency, in hertz 


5.55 FUNCTIONAL DESCRIPTION 


Figure 5-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HLMUX. 


The HLMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, buffers it, and transfers it to the HP 25501A 
16-Channel High-Speed Analog Input (ADC) card. The ADC card converts the 
value of the analog voltage to an equivalent 14-bit digital word and 
transfers it along with the system gain to the HP 25071A Measurement and 
Control Interface (MCI) card. 


Up to 32 input channels can be connected directly to the input connectors 
of the HLMUX. Each input channel has a DATA register associated with it. 
An analog input channel is selected by addressing its associated DATA 
register. 
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Figure 5-2. HP 25502A Functional Block Diagram 
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The selected analog input voltage passes through a Multiplexer and Open 
Sensor Detect circuit to the input of a Buffer Amplifier. 


The Open Sensor Detect circuit is used to locate an open circuit or line 
in one of the input channels. When an open (the input lines are actually 
broken or separated from the input) is detected during a read, the 
Programmable Gain Amplifier (PGA) circuit on the HLMUX is’ driven 
positively to full scale. This full-scale voltage is then sent to the HP 
25501A analog input card for processing. 


An overrange condition will produce the same results as an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 
will occur. To determine if an overrange condition or an open is causing 
the full-scale reading, lower the voltage to a known value within the 
selected range, and check if the full-scale reading still exists. An 
alternate method would be to program the gain to unity if the overrange 
is occurring on a higher range, and then observe the results. If the 
high reading still exists, there probably is an open in the input 
circuit. 


Another condition that can approach or reach a full-scale reading is that 
caused by a high resistance in the input circuit. 


Each differential input channel also has an associated GAIN register. 
These GAIN registers can be programmed to one of the following gains: l, 
2, 4, 8, or autorange. The gains are not used by the HLMUX, but are sent 
from the HLMUX to the ADC card to control its Programmable Gain Amplifier 
(PGA) when a read DATA is requested. 


After buffering by the Buffer Amplifier, the analog voltage passes 
through the closed Analog Output Switch and then to the ADC card. 


5.6 REGISTER ASSIGNMENTS 


Register asSignments for the HLMUX card are shown in table 5-2. 


The analog input cards (ADC and multiplexers) all have the same register 
assignments. The raw data returned from the card is in double word 
format. The register assignments allow for future expansion up to 48 
channels per card. 


TO read the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-1ll. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 


A read of the card status register always will return 0. 
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TABLE 5-2. ANALOG INPUT REGISTER ASSIGNMENTS 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


on B&W ND FF 


1 
2 
3 
4 
5 
6 
7 
8 


lst 
DATA] 
DATA2 
DATA3 
DATA4 
DATA5 
DATA6 
DATA? 
DATA8 


DATAQ 
DATA10 
DATAI11 
DATA12 
DATA1 3 
DATA14 
DATA15 
DATA16 


2nd 
GAIN1 
GAIN2 
GAIN3 
GAIN4 
GAIN5 
GAIN6 
GAIN7 
GAIN8 


GAIN9 

GAIN1O 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


lst 
DATA17 
DATA18 
DATA19 
DATA20 
DATA21 
DATA22 
DATA23 
DATA24 


DATA25 
DATA26 
DATA27 
DATA28 
DATA29 
DATA30 
DATA31 
DATA3 2 


2nd 
GAIN17 
GAIN18 
GAINI19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


LSet 
DATA33 
DATA3 4 
DATA35 
DATA36 
DATA37 
DATA38 
DATA39 
DATA40 


DATA4] 
DATA42 
DATA43 
DATA44 
DATA45 
DATA46 
DATA47 
DATA48& 


2nd 
GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 


HP 25502 


TABLE 5-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE 9 PAGE 10 PAGE ll PAGE 12 


ON NU BWN FE 


1 
2 
3 
4 
5 
6 
7 
8 


ZEROY 

ZERO1O 
ZERO11 
ZERO12 
ZERO13 
ZERO14 
ZEROL5 
ZERO16 


GAIN9 

GAIN1O 
GAIN11 
GAIN12 
GAIN13 
GAIN14 
GAINIL5 
GAIN16 


GAIN9 

GAINI1O 
GAINI1 
GAIN12 
GAIN13 
GAIN1]4 
GAIN15 
GAIN16 


ZERO17 
ZERO18 
ZERO1Y 
ZERO20 
ZERO21 
ZERO22 
ZERO23 
ZERO24 


ZERO25 
ZERO26 
ZERO27 
ZERO28 
ZERO29 
ZERO30 
ZERO31 
ZERO32 


GAIN17 
GAIN18 
GAINI9 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


GAIN17 
GAIN18 
GAINI19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


ZERO33 
ZERO3 4 
ZERO35 
ZERO36 
ZERO37 
ZERO38 
ZERO39 
ZERO40 


ZERO41 
ZERO42 
ZERO43 
ZERO44 
ZERO45 
ZERO46 
ZERO47 
ZERO48 


GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 


GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 
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CARD CONFIG 2/7 


0 
CARD STATUS 
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5.7 PIN ASSIGNMENTS AND CABLING 


Table 5-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 


Table 5-3. HP 25502A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 


one 


el oe ee ee ee 
a i, i, i, i, | 
NM DO NM NM NN ND NH 
a, i, i, i, i, i | 
WWW WWW WwW Ww 


tk 


m Ws 
No 


l, 
1, 
l, 
l, 
l, 
1, 
l, 
l, 


MN MNMNN HN 
. » ”,. ss s,s. ss = & 
GOW. GO-GO. Go: GS.Go 


Note that Pins l, 


have the following connections: 
(Ground). 


and Pin 3 


ID Resistor 
Ground 
Not used 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


ID Resistor 
Ground 
Not used 
Channel 9 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


2, and 3, 


I 
~“_s ss 2» 2&2 ®* 2 & 
NON Bh NM NH NH NH NO 
~“s. x 2 32 232 2 @®& 


WWW WW WW W 


ee 


one 


of J2 through J9 in each 


(+ input), Pin 


W WWW WW W W 


I 


ID Resistor 
Ground 
Not used 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


D Resistor 
Ground 
Not used 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 
Channel 


connector 


2 


= Input), 
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The connection between the HLMUX card and the field wiring is made with 
one of two cables: 


HP 25551A (analog card cable with screw terminations) 


HP 25551B (analog card cable, unterminated) 


5.8 CALIBRATION 


If the HLMUX card is not operating according to specifications, you may 
need to calibrate it. After calibration, you can verify the overall 
operation of the card by performing the tests described in the HP 2250 
Measurement and Control Processor Diagnostic and Verification Manual, 
part number 25595-90001. 


The following paragraphs contain specific instructions for calibrating 
the HLMUX card. 


5.8.1 EQUIPMENT REQUIRED 


The HLMUX calibration procedure requires the following equipment: 


1) HP 3455A digital voltmeter 


2) A shorting connector (part number 25590-60010), as pictured in 
figure 5-3. 
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Figure 5-3. Shorting connector 
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5.8.2 


1) 


2) 


3) 


4) 


5) 


6) 


PRELIMINARY PROCEDURE 


Remove the field wiring assemblies (FWAS) from the HP 25502A HLMUX 
card. | 


Turn the HP 2250 system power OFF, then turn it back ON. Make sure 
that the system passes the self-test. 


Allow the HLMUX card to reach normal operating temperature. This. 
warm-up period usually takes 15 minutes; if, however, the card was 
already at operating temperature before you turned the power off, 
you can go ahead with the calibration as long as the power was not 
off for more than 30 seconds. 


From the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 


ID(1,n)! 


to the HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are uSing the MCX exerciSer program, 
just type in "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 2 
should be returned for the slot that contains the HP 25502A HLMUX 
card. 


Issue the following command from the controller to the HP 2250: 
AI (slot,1) 


where "Slot" is the slot number of the HLMUX card. This will cause 
the HP 2250 to make an analog reading of channel 1 of the HLMUX 
card. Two values should be returned: 


a) A condition code of 0, indicating that the command executed 
correctly. | : 


b) The datum from the conversion on channel 1; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
knowing what the "correct" reading should be. All that you 
are doing here is verifying that the card is able to take a 
reading.) | o 


If step 5 was successful (that is, if an integer between -32768 and 
32767 was returned), you are ready to proceed with the calibration. 
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5.8.3. OFFSET VOLTAGE ADJUSTMENT 


There is only one adjustment to be made in calibrating the HP 25502A 
HLMUX card; this is the adjustment of the operational amplifier offset 
voltage. Do the following: 


1) Short the inputs of the first channel of the HLMUX card. This 
involves connecting the HIGH , LOW, and GROUND pins’ for the 
channel. This is most easily done with the shorting connector 
(part number 25590-60010) shown in figure 5-3. Connect the 
Shorting connector to the first block of eight channels on the 
card, just as though you were connecting a field wiring cable. 
(You don't have to use the shorting connector if you don't want to; 
it's just an awful lot easier than trying to fit alligator clips 
into that tiny area.) 


CAUTION 


If you try to short the inputs with alligator 
clips, be sure that you don't touch the fourth 
row of pins. Some of these pins carry power 
for the thermocouple reference connectors, and 
an accidental connection between these power 
pins and the other pins could damage the card. 
We recommend that you use the’ shorting con- 
nector. 


2) Issue the following command to the HP 2250: 


AI (slot,1) 


where "slot" is the number of the slot that contains the HLMUX 
card. 


3) Set the voltmeter to the lowest voltage range and connect it 
between test points HIGH and LOW on the front edge of the HLMUX 
card. 


4) Adjust potentiometer R601 until you get a reading of zero on the 
voltmeter. 


5) That's all there is to it. Reconnect the FWAS and you're ready to 
go. 


Section VI 
HP 25503A 32-Channel Low-Level Multiplexer 


6.1 INTRODUCTION 


This section provides information for the HP 25503A 32-Channel Low-Level 
Multiplexer (LLMUX) card. Included are specifications and a functional 
description. Installation information for the card is provided in the 
HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 


6.2 DESCRIPTION 


The LLMUX, shown in figure 6-1, adds low-level, low common-mode voltage 
input expansion capability to the HP 25501A 16-Channel High-Speed Analog 
Input (ADC) Gard. The LLMUX has 32 differential input channels with 
provision for low-pass RC (resistance-capacitance) filtering for noise 
reduction or bandwidth control on each channel. lLow-level inputs, down 
to 1.56 microvolts, can be accepted at a channel-to-channel scan rate of 
20 kHz. 


The LLMUX offers programmable gains of 1, 10, and 100 and is primarily 
used in interfacing to microvolt and millivolt inputs, such as the input 
from thermocouple devices. If external thermocouple measurements are to 
be made, a sensor power supply located on the LLMUX is used to provide 
power to an optionally available HP 25594A Thermocouple Reference 
Connector (TRC). The TRC provides a reference voltage and inputs from 
up to 15 various thermocouple devices and is described in Section XIV of 
this manual. 
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Figure 6-1. 


HP 25503A 32-Channel Low-Level Multiplexer 


aN 
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6.3 SPECIFICATIONS 


Table 6-1 contains specifications for the LLMUX. 


6.4 INPUT SIGNAL CONDITIONING 


Low-pass filtering and/or current-loop termination for the LLMUX is 
provided by up to four Signal Conditioning Modules (SCMs). The four 
SCMs, and their descriptions, are listed below: 


SCM NUMBER CHANNELS DESCRIPTION 

HP 25540A 8 Blank (user supplies components) 

HP 25540B 8 Passive filter network capacitors 
HP 2554-0¢C 8 Passive filter network current-—loop 


resistors 


HP? 255400) 8 Passive filter network current-loop 
resistors and filter capacitors 


The specifications, component diagram, and schematic for the SCMs are 
provided in Section III, table 3-5. 


The SCMs, if they are to be used, must be installed on the LLMUX card 
before the card is installed in the measurement and control unit. 


SCMs may be installed in any or all of four locations (A5, A6, AT, and 
AS), depending on which input channels are _ to receive signal 
conditioning. 


Install the SCM, with its component side up, by aligning its six guide 
holes to the six guide pins on the LUMUX card and pressing the SCM 
firmly into place. The physical orientation of the guide pins prevents 
improper installation of the SCM. The guide pins also serve as spacers 
to keep the SCM elevated from the surface of the card. Refer to the HP 
2250 Installation and Start-Up Manual, part number 02250-90012, #=for 
further information on installing an SCM. 


The installation of an SCM connects the J1, J2, and J3 sockets on the 
SCM to the J1, J2, and J3 pins, respectively, on the LLMUX card. 
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Table 6-1. HP 25503A Specifications 


FEATURES 
32 differential input channels 
Programmable gain amplifier 
Auto zero 
Input filtering 
Current loop sense resistors 
Input protection 


Open sensor detection 


APPLICATIONS 
Used for direct interface to low level, low common mode analog 
inputs without external amplifiers. 

PROGRAMMING INFORMATION 


AI command: Return voltage from specified channel in 
millivolts 


AIR command: Return voltage in HP 1000 real format 
AID command: Return voltage in double integer format 
AIC command: Return data from channel in raw card format 


GAIN command: Set gain (range) on a specified channel 


RGAIN command: Read gain (range) on a specified channel 


CLB command: Perform an auto-zero cycle 


RANGE command: Set analog range 


HP 25503A 
Table 6-1. HP 25503A Specifications (Continued) 


ELECTRICAL CHARACTERISTICS 


INPUT RANGES AND RESOLUTION WHEN USED WITH HP 25501A 


Input Channel Range Resolution Total PGA 
Span (Full-Scale) (Full-Scale) (1 LSB) Gain 


MAXIMUM INPUT VOLTAGE FOR RATED ACCURACY 


Maximum differential voltage and maximum common mode voltage 
must be less than or equal to +/- 10 volts 


Example: On the +/- 250 mV range, the maximum differential 
input allowed is 250 mV, therefore, 


V (max) = 10 = 250 mV = 9.750 V 
CM 7 
INPUT IMPEDANCE: 
Power On: >= 10 M ohm shunted by <= 80 pF 


Power Off: 1 K ohm +/- 10% to ground, 2 K ohm +/- 20% to 
any other input signal line 


BP 255058" 
Table 6-1. HP 25503A Specifications (Continued) 


SOURCE IMPEDANCE AND IMBALANCE 


Maximum source impedance for rated accuracy: 1 K ohm 


Maximum source imbalance for rated accuracy: 1 K ohm 


Maximum return impedance for rated accuracy: 10 K ohm 


INPUT OVERLOAD PROTECTION 
No damage will occur below the following levels: 


Power On Steady State: Up to +/- 25 volts on any ONE input signal 
line to ground, or to any other ONE input 
Signal input line. Derate by 1-0 volts 
for each additional overloaded input 
Signal line. | 


Example: What is the maximum simultaneous 
overload on 4 input channels? 


There are two input lines per 
channel, therefore, 


Maximum overload voltage per 
line = 25 - (4 x 2 x 1) 
= it Volts 


Power On Transient: +/- 50 volts on any ONE input signal line 
to ground, or to any other ONE input signal 
line, for a maximum of 10 seconds. 


Power Off Steady State: Up to +/- 15 volts on any ONE input 
Signal line to ground, or to any 
other ONE input signal line. Up to 
+/- 12.5 volts on all input signl 
lines simultaneously. 
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Table 6-1. HP 25503A Specifications (Continued) 


COMMON MODE REJECTION AND CROSSTALK 


Common Mode Rejection: 


Common Mode uV of Error Referred 
pource Rejection to 1nput per 1. Volt 
Imbalance Frequency (db) of Common Mode 


to 4 kHz 
to 10 kHg 
to 25 kHg 


to 100 Hz 
to 500 Hz 
GO. D. KAg 


AC Crosstalk: 


Crosstalk uV of Error Referred to 
Rejection Inpus Per 1. Volt: sf 
Frequency (db) Common Mode 


DC to: 2a KHZ 
5 kHg 
10 kHz 
o5 kHz 


Overload Crosstalk: 


Readings on channels adjacent to overloaded channel will meet 
AC. crosstalk specification for overload voltages within the 
input overload specification. | 


Overload Recovery Time: 
Readings within rated accuracy within 1 msec after removal of 


maximum overload or after changing channels from overloaded to 
non-overloaded channel. 


EP 
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Table 6-1. HP 25503A Specifications (Continued) 


ACCURACY 


Static Accuracy (DC frequency inputs) without autocalibrate 
cycle at 25 degrees C:;3 


Accuracy Volts Referred 
% of Full Seale to: Input 
(+/- 1/2 LSB) (+/- 1/2 LSB) 


0.01% 
0.08% 
0.04% 


AC Accuracy 


Bandwidth Full Range: 
4 LSB Degradation 3 db Degradation 
Input Range Point Point 


86 kHz 
44 kHz 
32 kHz 


3 db Degradation 
Point 


1 LSB Degradation 
Point 


uV Peak-to-Peak 
Referred to Input 
20D 


Input Channel Effective mV RMS 
Range Referred to Input 
1 mV 


5O uV 
tO any 
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Table 6-1. HP 25503A Specifications (Continued) 


TEMPERATURE COEFFICIENTS (0 to 70 degrees C): 


Drift % Full Scale Gain Drift % Full Scale 
Referred to Input Referred to Input 
Degrees C Degrees C 
0.007%/degree C 0.004%/degree C 
0.002%/degree C 0.004%/degree C 
0.02%/degree C 0.004%/degree C 
PHYSICAL CHARACTERISTICS: 

Width: 28.91 cm (11.38 inches) 

Depth: 34.8 cm (13.54 inches) 

Height: 3.5 cm (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


If a blank SCM (HP 25540A) has been ordered, you must install signal 
conditioning components on the SCM before it is connected to the LLMUX 
card. Resistors with a value of 250 ohms +/- 0.02 percent should be used 
for current-loop termination. The capacitor values to be used will vary 
depending on the desired cut-off frequency needed for the low-pass 
filter. The following formula may be used to select the desired 
capacitor values. The value computed will set the low-pass filter to the 
3-db point with a 6-db-per-octave rolloff at the desired frequency. 


C = 1/(2*pi*R*¥F) 
where 
C is the value of the capacitor to be determined, in farads 


R is 2400 ohms 
F is the desired frequency, in hertz 
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6.5 FUNCTIONAL DESCRIPTION 


Figure 6-2 is a functional block diagram showing the input/output buses 
and the major functions of the LLMUX. 


The LLMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, amplifies it, and transfers it to the ADC card. 
The ADC card converts the value of the analog voltage to an equivalent 
14-bit digital word and transfers it along with the system gain value to 
the HP 12071A Measurement and Control Interface (MCI) card. 


Up to 32 input channels can be connected directly to the input connectors 
of the LLMUX, with each channel capable of providing an independent 
analog input voltage. Each input channel has a DATA register associated 
with it in the Control and Interface Circuitry. An analog input channel 
is selected by addressing its associated DATA register. 


The selected analog input voltage passes through a Mutiplexer and an Open 
Sensor Detect circuit to the input of a Programmable Gain Amplifier 
(PGA). 


Each differential input channel has an associated GAIN register. At any 
time, you may program a GAIN register to change or read its contents. 
Each of these GAIN registers can be programmed to one of the following 
gains: 1, 10, or 100. Also, gains of 1, 2, 4, 8, or autorange are 
available in the GAIN registers and are used to control the gain of the 
ADC card PGA. When a reading is requested from a specific channel, the 
contents of the associated GAIN register automatically set the gain of 
the LLMUX and ADC card Programmable Gain Amplifiers to the programmed 
value. 


After amplification in the LLMUX PGA, the analog voltage passes through 
the closed Analog Output Switch and then to the ADC card. The gain data 
(l, 2, 4, 8, or autorange) from the GAIN register is also at this time 
sent to the ADC card when a read DATA is requested to set the gain of the 
ADC card PGA. 
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SIGNAL CONDITIONING MODULES 


CHANNEL 1 v.. 
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! 
ANNAN: 
' 
= 
' | 
{ 
EXTERNAL | OPEN PROGRAMMABLE ANALOG 
MULTIPLEXER GAIN 
RENE DIFFERENTIAL | — ed = Munn DETECT AMPLIFIER \\ 
VOLTAGES (PGA) \ 
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4 \ 
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| GAIN CONTROL N elles 
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| | CHANNEL ADDRESS \ 
pie CONTROL, ADDRESS, TIMING \ 


ZZ 
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F 


CARD 
CONFIGURATOR 
CARD CONFIGURATION REGISTER 


CARD ID 


CONTROL AND INTERFACE 
CIRCUITRY 
DATA AND ZERO REGISTERS 


ANALOG 
mo pe GAIN/DATA RAM CONTROL 
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GAIN REGISTERS 


ANALOG 
+12V BUS 


~12V 


POWER : +15V WRITE REGISTERS READ REGISTERS 
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CARD CONFIGURATION DATA 
~15V ZERO 
CARD ID 
CARD CONFIGURATION 
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Figure 6-2. HP 25503A Functional Block Diagram 
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6.6 REGISTER ASSIGNMENTS 


Register assignments for the LLMUX card are shown in table 6-2. 


The analog input cards (ADC and multiplexers) all have the same register 
assignments. The raw data returned from the card is in double word 
format. The register assignments) allow for future expansion up to 48 
channels per card. | 


To read the zero-reference voltage on a channel, read from. the 
appropriate register on pages 9-ll. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 

The meaning of the configuration word of the analog input cards varies 
from card to card. For the LLMUX card, the following meanings apply: 


Bit Meaning 


7 1 - Open sensor detection on 
0 - Open sensor detection off 


A read of the card status register always will return 0. 
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TABLE 6-2. ANALOG INPUT REGISTER ASSIGNMENTS 


word 1 word 2 word 1] word 2 word 1 word 2 word 1 word 2 


CONN UW WN KF 


1 
2 
3 
4 
.) 
6 
i, 
8 


DATAY 
DATA10 
DATAI1 
DATA12 
DATA13 
DATA] 4 
DATA15 
DATA16 


GAINY 

GAIN10 
GAINI]1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


lst 
DATA17 
DATA18 
DATAI1Y 
DATA20 
DATA21 
DATA22 
DATA23 
DATA24 


DATA25 
DATA26 
DATA27 
DATA28 
DATA29 
DATA30 
DATA31 
DATA32 


2nd 
GAIN17 
GAIN18 
GAIN19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


lst 
DATA33 
DATA3 4 
DATA35 
DATA36 
DATA37 
DATA38 
DATA39 
DATA40 


DATA41 
DATA42 
DATA43 
DATA44 
DATA45 
DATA46 
DATA47 
DATA48 


2nd 
GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 


GAIN42 


GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 
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TABLE 6-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word l word 2 word 1] word 2 


PAGE 9 PAGE 10 PAGE ll PAGE 12 


1 
2 
cs 
4A 
5 
6 
7 
8 


GAIN9 


GAINY 

GAINI1O 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


ZERO17 
ZERO18 
ZERO1Q 
ZERO20 
ZERO21 
ZERO22 
ZERO2 3 
ZERO24 


ZERO25 
ZERO26 
ZERO27 
ZERO28 
ZERO29 
ZERO30 
ZERO31 
ZERO32 


GAIN17 
GAIN18 
GAIN19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


ZERO33 
ZERO34 
ZERO35 
ZERO36 
ZERO37 
ZERO38 
ZERO39 
ZERO40 


ZERO41 
ZERO42 
ZERO43 
ZERO44 
ZERO45 
ZERO46 
ZERO47 
ZERO48 


1 GAIN17 GAIN33 
Zz GAIN18 GAIN34 
3 GAINI19 GAIN35 
4 GAIN20 GAIN36 
5 GAIN21 GAIN37 
6 GAIN22 GAIN38 
7 GAIN23 GAIN39 
8 GAIN24 GAIN40 


GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 
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CARD CONFIG 


GAIN25 GAIN41 
GAIN1O GAIN26 GAIN42 0 
GAINI1 GAIN27 GAIN43 CARD STATUS 
GAIN12 GAIN28 GAIN44 0 
GAIN13 GAIN29 GAIN45 CARD ID REG 
GAIN14 GAIN30 GAIN46 0 
GAINI5 GAIN31 GAIN47 0 


GAIN16 


GAIN32 


GAIN48 


BIF 
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6.7 PIN ASSIGNMENTS AND CABLING 


Table 6-3 shows the Signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is Shown in figure 
3-11, at the end of Section III of this manual. 


Table 6-3. HP 25503A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION FP ec PINS CONNECTION 


ID Resistor ID Resistor 
Ground | Ground 
Thermocouple Thermocouple 

Supply (+) Supply (+) 

Thermocouple Thermocouple 
Supply (- ) Supply (-) 
Channel Channel 
Channel Channel 
Channel | Channel 
Channel Channel 
Channel Channel 
Channel Channel 
Channel Channel 
Channel Channel 


i, ee, i i, ee. | 
NNMNNNNNDN bd 
a a a i, i a i, | 
WWWWWWW Ww 
ed ee ee ee 
a a a, i, a, a, | 
NNNNNNN ND 
a a a, i, i, i, | 
WWWWWW WW 


ee ee 


ID Resistor ID Resistor 
Ground Ground 
Thermocouple Thermocouple 
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Note that pins 1, 2, and 3 of J2 through J9 in each connector 
have the following connections: Pin 1 (+ input), Pin 2 (- Input), 
and Pin 3 (Ground). 
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The connection between the LLMUX card and the field wiring is made with 
one of three cables: | 


HP 25551A (analog card cable with screw terminations) 
HP 25551B (analog card cable, unterminated) 


HP 25594A (LLMUX card cable with thermocouple reference connector) 


6.8 CALIBRATION 


If the LLMUX card is not operating according to specifications, you may 
need to calibrate it. After calibration, you can verify the overall 
operation of the card by performing the tests described in the HP 2250 
Measurement and Control Processor Diagnostic and Verification Manual, 
part number 25595-90001. The following paragraphs contain specific 
instructions for calibrating the LLMUX card. 


6.8.1 EQUIPMENT REQUIRED 

You will need the following equipment for calibrating the LLMUX card: 
1) HP 3455A digital voltmeter. 
2) Extender card, part number 25591-60001, as shown in figure 6-3. 


3) Shorting connector, part number 25590-60010, as shown in figure 
6-4 e 
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Figure 6-3. Extender card 


Figure 6-4. Shorting connector 
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6.8.2 
1) 


2) 


3) 


5 ) 


6 ) 


7) 


PRELIMINARY PROCEDURE 
Turn the power to the HP 2250 system OFF. 


Remove the field wiring assemblies (FWAs) from the HP 25503A LLMUX 
card. 


Remove the LLMUX card from its slot and insert the extender card in 
its place. Insert the LLMUX card into the extender card. Leave 
the FWAS disconnected. 


CAUTION 


The LLMUX card contains static-sensitive 
components. Be sure to uSe appropriate 
anti-static procedureS when you handle 
the card. (The pages on "Safety Consid- 
erations" at the beginning of this manual 
describe the anti-static procedures that 


you Should follow.) Failure to follow 
these procedures may result in damage to 
the card. 


Turn power to the HP 2250 system ON and make Sure that the system 
passes self-test. 


Allow the LLMUX card to reach normal operating temperature. This 
warm-up period usually takes 15 minutes; if, however, the card was 
already at operating temperature before you turned the power off, 
and if the power was not off for more than 30 seconds, you can go 
ahead with the calibration procedure. 


At the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 


ID(l,n)! 


to the HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 
just type in "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 3 
Should be returned for the slot that contains the HP 25503A LLMUX 
card. 


Issue the following command from controller to the HP 2250: 


AI (slot,1) 
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where "Slot" is the slot number of the LLMUX card. This will cause 
the HP 2250 to make an analog reading of channel 1 of the LLMUX 
card. Two values should be returned: 


a) A condition code of 0, indicating that the command executed 
correctly. 


b) The datum from the conversion on channel 1; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
knowing what the "correct" reading should be. All that you 


are doing here is verifying that the card is able to take a 
reading.) 


8) If step 7 was successful (that is, if an integer between -32768 and 
32767 was returned), you are ready to proceed with the calibration. 
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6.8.3 


OFFSET VOLTAGE ADJUSTMENT 


There are three adjustments to be made in calibrating the HP 25503A LLMUX 


card; 


they are all adjustments of operational amplifier offset voltages. 


Do the following: 


1) 


2) 


3) 


4) 
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Short the inputs of the first channel of the LLMUX card. This 
involves connecting the HIGH, LOW, and GROUND pins of the channel. 
This is most easily done with the shorting connector (part number 
25590-60010) shown in figure 6-4. Connect the shorting connector 
to the first block of eight channels’ on the card, just as though 
you were connecting a field wiring cable. (You don't have to use 
the shorting connector if you don't want to, but we have found that 
uSing the connector is easier than trying to run wires between all 
those little pins.) 


If you do try to connect the pins with individual 
wires, be careful not to make contact with the 
fourth row of pins. These pins carry power for 
the thermocouple reference connectors, and an 
accidental connection between these pins and the 
other pins could damage the card. We recommend 
that you use the shorting connector. 


Issue the following command to the HP 2250: 
AI (slot,1) 


where "“slot" is the number of the slot that contains the LLMUX 
card. 


Set the voltmeter to the lowest voltage range and connect it 
between points A and C (Shown in figure 6-5) on the LLMUX card. 


Adjust potentiometer R601 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 


5) 


6) 


7) 


8) 


HP 25503 


52A-0633 TEST POINTS & POTENTIOMETERS 


Figure 6-5. LLMUX Test Points and Adjustments 


Connect the voltmeter between points B and C (shown in figure 6-5). 


Adjust potentiometer R602 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 


Connect the voltmeter between test points HIGH and LOW on the front 
edge of the card. 


Adjust potentiometer R603 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 
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9) Calibration of the LLMUX card is now complete. To return to normal 
operation: 


a) Turn power to the HP 2250 system OFF. 


b) Remove the LLMUX card from the extender card. 


The LLMUX card contains static-Ssensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consid- 
erations" at the beginning of this manual 
describe the anti-static procedures that 


you Should follow.) Failure to follow 
these procedures may result in damage to 
the card. 


| 


c) Remove the extender card from its slot and insert the LLMUX card 
in its place. 


d) Connect the FWAS to the LLMUX card. 
e) Turn power ON. 


The HP 2250 system is now ready to go. 


Section VII 
HP 25504 16-Channel Relay Multiplexer 


7.1 INTRODUCTION 


This section provides information for the HP 25504 16-Channel Relay 
Multiplexer (RLYMUX) card. Included are specifications and a functional 
description. Installation information for the card is provided in the HP 
2250 Measurement and Control Processor Installation and Start-Up Manual, 
part number 02250-90012. 


7.2 DESCRIPTION 


The RLYMUX adds low-level, high common-mode rejection (110 dB) input 
expansion capability to the HP 25501 16-Channel High-Speed Analog Input 
(ADC) card. It also offers true ground isolation, a channel-to-channel 
scan rate of 1 kHz, programmable open sensor detection, and programmable 
gains of 0.1, 1, 10, and 100. | 


Figure 7-1 shows the RLYMUX card with its metal shield in place. Figure 
7-3, later in this section, shows the card with the shield removed. 


The RLYMUX has 16 input channels that provide relay switching for analog 
input voltages. The relay for each input channel is’ located ona 
replaceable relay module. Full information on the relay modules is 
contained in the paragraphs on "Relay Modules", later in this section. 


Each relay switches three input lines per channel: HI, LOW, and GUARD. 
The HI and LOW lines provide standard input for analog input voltages. 
The GUARD is used when common-mode voltages and noise are a problem. The 
relay switch for the GUARD is designed to close before the HI and LOW 
relay switches, to prevent common-mode surge currents from flowing in the 
RLYMUX Programmable Gain Amplifier (PGA). 


To minimize noise in the input signals, the GUARD line of the cable 
Should be connected to the LOW side of the uSer-Supplied voltage source 
(as far from the RLYMUX card as possible). The GUARD should run through 
the shield wire of any three-wire system. If it is determined that the 
GUARD is not required, the GUARD of the input line should be tied to its 
LOW input at the field wiring assembly (as close to the RLYMUX card as 
practicable). The LOW inputs of all channels can be tied to their 
respective GUARD inputs by setting the switch on the front of the RLYMUX 
card to the ON position. 


Common-mode isolation on the RLYMUX is provided by magnetic coupling to 
break the ground loops between user-Supplied voltage sources and the HP 
2250 system. 
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Figure 7-1. 
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The RLYMUX can receive microvolt and millivolt inputs from devices such 
as thermocouples. If thermocouple measSurements are to be made, a 
thermocouple power supply located on the RLYMUX is used to provide power 
to an optionally available HP 25594B Thermocouple Reference Connector. 
The Thermocouple Reference Connector provides connections for up to 15 
various thermocouple devices’ and is described in Section XIII of this 
manual. 


Appropriate Use. The RLYMUX iS appropriate for high-common-mode 
applications that require continuous low-speed scanning or occasional 
high-speed scanning. Applications that require continuous high-speed 
scanning are not suitable for the RLYMUX, since they use up the finite 
lifetime of the relay modules inordinately fast; for such applications 
the HLMUX or LLMUX, with appropriate external signal conditioning, is 


better. 


7.3. SPECIFICATIONS 
Table 7-1 contains specifications for the RLYMUX. 


Table 7-1. HP 25504 Specifications 
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FEATURES 


16 channels, scanning at 500 Hz, single-channel input at 10 kHz 
14-bit resolution 

Programmable full scale ranges from +/- 100 V to +/- 12.4 mV 
+/- 350 volt peak common mode range 

Programmable open sensor detection 

Current loop option 


Relay life: 10 million to 100 million cycles (40 million avg.) 
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APPLICATIONS 


Interfaces to devices such as transducers and thermocouples. 


(a 
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Table 7-1. HP 25504A Specifications (Continued) 


PROGRAMMING INFORMATION 


Al 


ATR command: 


AID command: 


AIC command: 


GAIN command: 


RGAIN command: 


CLB command: 


RANGE command: 


command: Return voltage from specified channel in 


millivolts 


pet analog range 


ELECTRICAL CHARACTERISTICS 


INPUT RANGE AND RESOLUTION 


+/- 100 V +/- 10.0 V 
12.5 mV 1 ec. IV 


+/- 50 V +/- 5V 


HP 25501A 6.25 mV 625 uV 


GAIN 


t/m_ 25 Vo - +/~ 2.5 V 


32-135 mV 313 uv 


tf 425° V Pe, gOS. V 
1.56 mV 156 uV 


SPAN = 2 x absolute value (range) 


Perform an auto-zero cycle 


+/-~ 1.0 V 
125 mV 


+/- 0.5 V 
62.5 uV 


+/- 0.25 V 
31.3 uv 


+/- 0.125 V 
15.6 uV 


Return voltage in HP 1000 real format 
Return voltage in double integer format 
Return data from channel in raw card format 
Set gain (range) on a specified channel 


Read gain (range) on a specified channel 


+ /— Of] V 
tee> BV 


+/- O%.05 V 
6.25 uV 


+/- 0.025 V 
Sel 5D. UV 


+/- 0.0125 V 
1a 56: “UV 
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Table 7-1. HP 25504A Specifications (Continued) 


COMMON MODE VOLTAGE LIMITS 
Common Mode Voltage: 350 volts peak 
Channel-to-Channel Common Mode Voltage: 350 volts peak 
The potential difference between any two channels shall never 
exceed 350 volts peak. If channel 1 has a + 10 volt 
differential signal and a +100 volt common mode signal applied 
to its input, then channel 2 will have no more than 110 volts 


minus 350 volts (-240 volts) total (sum of differential and 
common mode) applied to its input. 


Vem + Vom < #350 VOLTS 


COMMON MODE REJECTION AND CROSSTALK 
Effective Common Mode Rejection*: 


60 Hz 165 db (average of ten HP 25501A readings)* 


120 Hz 140 db (average of ten HP 25501A readings)* 


* Effective common mode rejection is defined as the sum of the 


common mode rejection of the HP 25504 and the normal mode 
rejection provided by the HP 25501 when used as a digital 
filter through the available MCL/50 commands. MCL/50, 
through the use of the CPACE and WPACK commands, allows the 
user to take a group of paced readings over a cycle of the 
common mode signal. These can then be averaged by applying 
the AAVERAGE command resulting in the Effective Common Mode 
Rejection outlined above. | 
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: source 
Imbalance Frequency 


Table 7-1. HP 25504A Specifications (Continued) 


For a 60-Hz common mode signal, the pace rates would be set 
as follows: 


Common Mode Period = 16.66 msec (1/60 Hz) 
Pace Rate = 16.66/10 = 1.666 msec (10 readings) 


For an individual HP 25504, the effective scan rate would be 
60 Ha. 


Common Mode Rejection (without signal averaging): 


QO ohm 104 


AC Crosstalk (Channel to Adjacent Channel): 


re 


DC to 50 Hz 
DC to 60 Hz 
DC to 100 Hz 


AC Crosstalk (1 Channel to 15 Off Channels) 


Freaeey 
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Table 7-1. HP 25504 Specifications (Continued) 


SOURCE IMPEDANCE 
Maximum Source Impedance for Rated Accuracy: 1 K ohm 


Maximum Source Imbalance for Rated Accuracy: 1 K ohm 


A 10 kHz low pass filter at each channel input (on the 
relay module) has the following characteristics: 


Source impedance Frequency at which signal 
of sensor is rolled off by 3 dB 


Refer to the paragraphs on "Relay Modules" later in this 
chapter for information on modification of the filter 
characteristics. 


INPUT IMPEDANCE 
Open Channel: > 100 megohm, shunted by 3 pf 


Closed Channel: > 1 megohm all ranges, 50 pf shunt 


Power Off: | > 100 megohm, 3 pf shunt 
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Table 7-1. HP 25504 Specifications (Continued) 


INPUT OVERLOAD PROTECTION 


1 to 100 Gain Range*: (Overload occurs at +/- 12 volts) steady 
state up to 350 volts 


O.1 Gain Range: Steady state up to 250 volts; power off to 
350 volts 


* The HP 25504 includes an overload circuit that opens the 
relay of the selected channel when a potential greater than 
12 volts is applied. The returned analog data will indicate 
full-scale overrange. Overload recovery requires initiating 
a new reading on the addressed channel. 


ACCURACY 


Static Accuracy (at 25 degrees C without autocalibrate cycle): 


$ of Full Scale Volts Referred to 
Input Channel Referred to Input Input 


(+/- 1/2 LSB) (+/- 1/2 LSB) 
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Table 7-1. HP 25504 Specifications (Continued) 


Temperature Coefficients: 


Offset Temperature Gain Temperature 
Input Channel Coefficient Referred Coefficient Referred 
Range to Input to Input 


0.0007%/degree C +/- 0.004%/degree C 
700 uV/degree C 


0.0007%/degree C +/- 0.004%/degree C 
70 uV/degree C 


.0.0025%/degree C +/- 0.004%/degree C 
25 uV/degree C 


0.02%/degree C 0.004%/degree C 
20 uV/degree C | 


Static Offset 


Input Channel Accuracy Referred to Input 


0.00053 
0.0005% 
0.005% 
0.05% 


AC ACCURACY 


Full Power Bandwidth (with 0 ohms input impedance): 


Input Channel Range 
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Table 7-1. HP 25504 Specifications (Continued) 


Small Signal Bandwidth (with 0 ohms input impedance): 


Input Channel Range 


Input Channel uV RMS Referred 
Range to Input 


PHYSICAL CHARACTERISTICS: 
Width: 28.91 cm (11.38 in.) 
Depth: 34.8 cm (13.54 in.) 
Height: 3.5 cm (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


7.4 FUNCTIONAL DESCRIPTION 


Figure 7-2 is a functional block diagram diagram showing the input/output 
buses and the major functions of the RLYMUX. 


SIGNAL CONDITIONING 


CHANNEL 1 B=. 
ANNAN 
| 
STAD 
I 
| 
! 
' 
\ 
EXTERNAL | OPEN PROGRAMMABLE 
ANALOG INPUT ; MULTIPLEXER KUSH «SENSOR AIISSD GAIN eared HY 
INPUT CHANNELS | DETECT AMPLIFIER \ 
VOLTAGES | 
| 
| 
| 
| CONTROL 
| \ 
| 
GAIN CONTROL 
. FANS Se 


CONTROL 


BUS CONTROL, ADDRESS. TIMING 


CARD 
CONFIGURATOR 
CARD CONFIGURATION REGISTER 


CARD ID 
CARD !0 REGISTER 


DATA 
She Ry GAIN/DATA 


CONTROL AND INTERFACE 
CIRCUITRY 
DATA AND ZERO REGISTERS 


ANALOG 
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GAIN REGISTERS 
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Figure 7-2. HP 25504 Functional Block Diagram 
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The RLYMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, amplifies it, and transfers it to the HP 25501A 
16-Channel High-Speed Analog Input (ADC) card. The ADC card converts the 
value of the analog voltage to an equivalent digital word and transfers 
it along with the system gain value to the HP 12071A Measurement and 
Control Interface (MCI) card. | 


Up to 16 channels can be connected directly to the input connectors on 
the RLYMUX, with each channel capable of providing an independent analog 
input voltage. Each input channel has a DATA register associated with 
it. An input channel is selected by addressing its associated DATA 
register. The selected analog input voltage passes through a Multiplexer 
and an Open Sensor Detect circuit to the input of the Programmable Gain 
Amplifier (PGA). | 


The Open Sensor Detect circuit is used to locate an open circuit or line 
in one of the input channels. It is turned on or off by setting or 
clearing bit 7 of the card configuration register (register 249). When 
the Open Sensor Detect circuit is turned on, the RLYMUX puts out a small 
current (6 microamperes) to check for an open circuit. If the circuit is 
open (an input line is broken or unplugged), the current feeding into the 
high resistance will drive the voltage to the overrange state and give a 
positive full-scale voltage reading. An open circuit will cause a 
full-scale reading on any gain range from 1 to 800. The Open Sensor 
Detect circuit does not work for gain less than l. 


An overrange condition will produce the same resultS as an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 


will occur. To determine whether an overrange condition or an open 
Circuit is cauSing the full-scale reading, turn off the Open Sensor 
Detect circuit and take another reading. If the input circuit is open, 


the voltage reading will drop to a low noise level; if the circuit is 
closed and an overrange voltage is present, the reading will remain at 
full scale. 


Another condition that can approach or reach a full-scale reading is a 
high resistance (1500 ohms or greater) in the input circuit. When the 6 
microampere current is applied to such a resistance, the voltage induced 
in the circuit can give a full-scale reading, especially in the higher 
gain ranges. You can distinguish this situation from an open circuit by 
reducing the gain and taking a reading: if the circuit is closed, the 
voltage reading will be less than full scale in the lower gain ranges; if 
the circuit is open, the voltage reading will remain at full scale in all 
gain ranges from 1 to 800. | 


If the voltage induced by the 6 microampere current contaminates your 
reading excessively, you can turn on the Open Sensor Detect circuit to 
check for an open circuit, and then turn it off to make the actual 
reading. 


Each input channel has an associated GAIN register. Each of these GAIN 
registers can be programmed to one of the following gains: .1, 1, 10, or 
100. Also gains of 1, 2, 4, 8, and autoranging can be programmed, which 
are used to set the gain of the ADC card PGA. When a reading is requested 
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from a specific channel, the contents of the associated GAIN register 
automatically set the gain of the RLYMUX and ADC card PGA to the 
programmed value. At any time, through programming, you can read or 
change the contents of the GAIN registers. 


After amplification in the PGA, the analog voltage passes through the 
Isolation Amplifier. The Isolation Amplifier contains a pulse transformer 
which magnetically isolates the input grounds’ from those of the rest of 
the system. The analog voltage then passes’ through the closed Analog 
Output Switch to the ADC card. The gain data from the associated GAIN 
register is also sent to the ADC card when a read DATA is requested, to 
set the gain of the ADC card PGA. 


7.55 RELAY MODULES 


7.5.1 GENERAL DESCRIPTION 


The relay modules of the RLYMUX card provide the relay switching for the 
input signals attached to the card. The RLYMUX card contains 16 relay 
modules, one for each input channel. Each relay module is connected to 
the card by ae series of connection pins, and is held in place by two 
screws. 


The locations of the relay modules are shown in figure 7-3. An 
individual relay module is shown later, in figure 7-4. The relays 
modules are numbered sequentially from 1 to 16. Refer to the paragraphs 
on "Pin ASSignments and Cabling", later in this chapter, for the pin 
assignments of the corresponding channels. 


The relays on the relay modules have a finite life, averaging 40 million 


closures. (Actual relay lifetime is a function of the common mode 
voltage applied, and varies between 10 million and 100 million closures. 
40 million closures iS an average figure.) Because applications 


involving high frequency switching can use up the expected life of a 
relay in a relatively short time, the relay modules are designated as 
"replaceable by the customer", The following paragraphs describe the 
procedure for removing and replacing defective relay modules. The 
paragraphs on "Relay Verification", at the end of this chapter, provide a 
procedure for detecting defective relay modules. : 
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Relay module for channel 16 
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Relay module for channel 1 
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Locations of Relay Modules 


Figure 7-3. 
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7.5.2 REMOVAL AND REPLACEMENT 
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Use the following procedure to remove a relay module from the RLYMUX card 


and replace it with another relay module. 


1) Turn the power to the HP 2250 system OFF. 


High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAS). 
When you dis-~ 
connect the FWAS from the RLYMUX card, 
ful that you do not establish a path 
FWA to ground, particularly through yourself. 
position that 
prevents them from becoming grounded. 


voltages are potentially lethal. 


Be sure to place the FWAS in a 


2) Disconnect the FWAs from the RLYMUX card. 


CAUTION 


The RLYMUX card contains static-~Sensitive 
components. Be Sure to use appropriate 
anti-static procedures when you 
the card. (The pages on "Safety Consider- 
ations" at the beginning of this 
describe the anti-static procedures 
you should _ follow.) Failure to 
these procedures may result in damage to 


the card. 


3) Remove the RLYMUX card from its slot and place it on a static-free 


work surface. 
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A label on the shield warns of hazardous voltages. 
This warning refers to the voltages that may be 
present at the FWAs. As long as the FWAS remain 
unconnected, hazardous voltages are not present on 
the RLYMUX card. 


4) Unscrew the five screws that secure the metal shield to the top of 


5) 
6) 
i 


8) 


9) 


10) 


This 


the RLYMUX card, and remove the shield. 


CAUTION 


The connector pins that connect the relay modules to the 
RLYMUX card are easily damaged. Be careful not to damage 
these pins when removing or installing the relay module. 


Unscrew the two screws securing the relay module that you wish to 
remove. Carefully remove the module from the connection pins. 


Carefully install the new relay module on the connection pins and 
secure it with the two screws. 


Replace the metal shield on top of the RLYMUX card and secure it 
with the five screws. 


Using the appropriate anti-static procedures, replace the RLYMUX 
card in its slot in the HP 2250. 


Hazardous or lethal voltages may be present in the field 
wiring assemblies (FWAS) of the RLYMUX card. When you 
handle these FWAS, be careful not to create a path from 
the FWAs to ground. 


Connect the FWAS to the RLYMUX card. 


Turn the HP 2250 system power ON and make’ sure that the system 


passes self-test. 


completes the relay module removal and replacement procedure. The 


HP 2250 is once again ready for operation. 
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7.5.3 MODIFICATION OF FILTER CHARACTERISTICS 


There is a 10 kHz low pass input filter on each relay module. This 
filter has the characteristics described in the section on "Source 
Impedance" in table 7-1; the bandwidth is sharply curtailed when a 
high-impedance sensor is used. 


It is possible to obtain the full 10 kHz single-channel bandwidth when 
uSing a high-impedance sensor, at the cost of increased noise in the 
ClrPCUulLT.. To accomplish this, take a relay module and remove the 0.1 
microfarad capacitor (shown in figure 7-4) from it; then install the 
relay module on the appropriate channel in accordance with the removal 
and replacement procedure outlined above. 


0.1 Microfarad Capacitor 
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Figure 7-4. Modification to Relay Module (refer to text) 


7.6 REGISTER ASSIGNMENTS 
Register assignments for the RLYMUX card are shown in figure 7-2. 


The analog input cards (ADC and multiplexers) all have the same register 
assignments. The raw data returned from the card is in double word 
format. The register assignments allow for future expansion up to 48 
channels per card. 


TO read the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-11. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 


The meaning of the configuration word of the analog input cards varies 
from card to card. For the RLYMUX card, the following meanings apply: 


Bit Meaning 


T 1 - Open sensor detection on 
O - Open sensor detection off 


A read of the card status register always will return 0. 
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TABLE 7-2. ANALOG INPUT REGISTER ASSIGNMENTS 


word 1] word 2 word 1 word 2 word 1 word 2 word 1 word 2 


1 
2 
3 
4 
5 
6 
7 
8 


CONN BWNF- 


DATAY 
DATA1O 
DATA11 
DATA 2 
DATA13 
DATA14 
DATAL5 
DATA16 


GAINY 

GAINIO 
GAINI1] 
GAIN12 
GAIN13 
GAIN14 
GAINIL5 
GAIN16 


lst 
DATA17 
DATA18 
DATA19Y 
DATA20 
DATA2] 
DATA22 
DATA23 
DATA24 


DATA25 
DATA26 
DATA27 
DATA28 
DATA29 
DATA30 
DATA31 
DATA32 


2nd 
GAIN17 
GAIN18 
GAIN19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


lst 
DATA33 
DATA34 
DATA35 
DATA36 
DATA37 
DATA38 
DATA39 
DATA40 


DATA41 
DATA42 
DATA43 
DATA44 
DATA45 
DATA46 
DATA47 
DATA48 


2nd 
GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 
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TABLE 7-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE 9 PAGE 10. PAGE ll PAGE 12 


OnNNU RP WD PF 


i PAGE 13 PAGE 14 PAGE 15 PAGE 16 


ONAN BWNHF 


ZEROY 

ZERO1O 
ZEROILI 
ZERO12 
ZERO13 
ZERO14 
ZEROL5 
ZERO16 


GAINY 

GAIN1O 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI15 
GAIN16 


GAINY 

GAINI1O 
GAINI1 
GAIN12 
GAIN13 
GAIN14 
GAINI5 
GAIN16 


ZERO? 
ZERO18 
ZERO19 
ZERO20 
ZERO21 
ZERO22 
ZERO23 
ZERO24 


ZERO25 


ZERO26 


ZERO27 
ZERO28 
ZERO29 
ZERO30 
ZERO31 
ZERO32 


GAIN17 
GAIN18 
GAINI19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 


| GAIN28 


GAIN29 
GAIN30 
GAIN31 
GAIN32 


GAIN17 
GAIN18 
GAIN19 
GAIN20 
GAIN21 
GAIN22 
GAIN23 
GAIN24 


GAIN25 
GAIN26 
GAIN27 
GAIN28 
GAIN29 
GAIN30 
GAIN31 
GAIN32 


ZERO33 
ZERO34 
ZERO35 
ZERO36 
ZERO37 
ZERO38 
ZERO39 
ZERO40 


ZERO41 
ZERO42 
ZERO43 
ZERO44 
ZERO45 
ZERO46 
ZERO47 
ZERO48 


GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 


GAIN33 
GAIN34 
GAIN35 
GAIN36 
GAIN37 
GAIN38 
GAIN39 
GAIN40O 


GAIN41 
GAIN42 
GAIN43 
GAIN44 
GAIN45 
GAIN46 
GAIN47 
GAIN48 


CARD CONFIG 
0 

CARD STATUS 
@) | 
CARD ID REG 
0 

0 

BIF 
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7.7 PIN ASSIGNMENTS AND CABLING 


Table 7-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 


Table 7-3. HP 25504A I/O Connector Module Pin Assignments 


CONNECTOR] PINS CONNECTION | CONNECTOR ;} PINS CONNECTION 


ID Resistor ID Resistor 
Ground Ground 
Thermocouple Thermocouple 
Supply (+) Supply (+) 
Thermocouple Thermocouple 
Supply (-) Supply (-) 
Channel 1 Channel 9 
Card guard Card guard 
Channel 2 Channel 10 
Card guard Card guard 
Channel 3 Channel 11 
Card guard Card guard 
Channel 4 Channel 12 
Card guard Card guard 


i 
mh HHHDP Hh PH 
| 


Se el oe el ee 
i | 
DP PPP PB BS 


ee 
I 


el el ee ee ee 
| 
PS PH PPP Po 


Card guard 
Channel 5 
Card guard 
Channel 6 
Card guard 
Channel 7 
Card guard 
Channel 8 
Card guard 


Card guard 
Channel 13 
Card guard 
Channel 14 
Card guard 
Channel 15 
Card guard 
Channel 16 
Card guard 


1-4 
1-4 
1-4 
1-4 
1-4 
1-4 
1-4 
1-4 
1-4 


Note that pins 1 through 4 of the input channels have the 
following connections: Pin 1 (+ Input), Pin 2 (- Input), 
Pins 3 and 4 (Guard). The connectors labeled "card guard" 
are all connected to a card-driven guard. 
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The connection between the RLYMUX card and the field wiring is made with 
one of three cables: 


HP 25551C (RLYMUX card cable with screw terminations) 
HP 25551D (RLYMUX card cable, unterminated) 


HP 25594B (RLYMUX card cable with thermocouple reference connector) 


USE ONLY THE SPECIFIED CABLES (HP 25551C, HP 25551D, or 
HP 25594B) WHEN MAKING CONNECTIONS TO THE RLYMUX CARD. 
Do not attempt to use other cables. Due to differences 
in cable configuration, use of other cables could cause 
high common mode input voltages (up to 350 volts or more) 
to be routed to field wiring terminations where they are 
not expected. THESE HIGH COMMON MODE VOLTAGES CAN BE 
HAZARDOUS OR EVEN LETHAL. USE ONLY THE PROPER CABLES 
WITH THE RLYMUX CARD. 


Note that the RLYMUX cables are NOT INTERCHANGEABLE with non-RLYMUX 
cables. As indicated in the warning above, the use of non-RLYMUX cables 
with the RLYMUX card could cause hazardous voltages to be routed to 
points where they are not expected. The use of RLYMUX cables with a 
non=-RLYMUX card is not hazardous, but the differences in connector 
configurations will cause you to lose the use of at least half of the 
channels on the card. 
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7.8 > CALIBRATION 


If the RLYMUX card is not operating according to specifications, you may 
need to calibrate it. After calibration, you can verify the overall 
operation of the card by performing the tests described in the HP 2250 
Measurement and Control Processor Diagnostic and Verification Manual, 
part number 25595-90001. 


There are two parts to the calibration procedure for the RLYMUX card: 
linearity adjustment and offset adjustment. The linearity adjustment 
should be made before the offset adjustment. The following paragraphs 
contain specific instructions for calibrating the RLYMUX card. 


7.8.1 EQUIPMENT REQUIRED 


You will need the following equipment to calibrate the RLYMUX card. 


~ 1) A digital voltmeter capable of resolving 100 microvolts on a + 10 
volt scale. The HP 3455A, 3456A, and 3490A digital voltmeters will 
do the job. 


2) An accurate DC voltage source, capable of outputting + 9 volts with 
an error of less than 1 millivolt. The model 501 J voltage source 
from Electronic Development Corporation is one such instrument. 


3) Extender card, part number 25591-60001, as Shown in figure 7-5. 


4) Shorting connector, part number 25590-60010, as shown in figure 
7-6 ® 


In addition, if the MCX exerciser program is available on your host 
computer, you will probably find it useful for issuing MCL/50 commands to 
the RLYMUX card during the calibration procedure. 
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Figure 7-5. Extender card 
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Figure 7-6. Shorting connector 
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7.8.2 PRELIMINARY PROCEDURE 


1) Turn the power to the HP 2250 system OFF. 


High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAs). Such 
voltages are potentially lethal. When you dis- 
connect the FWAsS from the RLYMUX card, be care- 
ful that you do not establish a path’ from the 
FWA to ground, particularly through yourself. 
Be sure to place the FWAS in a position that 
prevents them from becoming grounded. 


2) Disconnect the FWAS from the RLYMUX card. 


CAUTION 


The RLYMUX card contains static-sensitive 
components. Be Sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consider- 
ations" at the beginning of this manual 
describe the anti-static procedures’ that 
you Should follow.) Failure to follow 
these procedures may result in damage to 
the card. 


3) Remove the RLYMUX card from its slot and insert the extender card 
in its place, 


4) 


5) 


6) 


7) 


8 ) 


9) 
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A label on the shield warns of hazardous voltages. 
This warning refers to the voltages that may be 
present at the FWAs. As long as the FWAS remain 
unconnected, hazardous voltages are not’ present on 
the RLYMUX card. 


Unscrew the five screws that secure the metal shield to the top of 
the RLYMUX card, and remove the shield. All adjustments will be 
made with the shield off. 


Insert the RLYMUX card into the extender card. Leave the FWAsS 
disconnected, 


Turn the power to the HP 2250 system ON’ and make sure that the 
system passes7 self-test. (The self-test is described in the 
HP 2250 Installation and Start-Up Manual, part number 
02250-90012.) 


Allow the RLYMUX card to reach normal operating temperature. This 
warm-up period usually takes 15 minutes; if, however, the card was 
already at operating temperature before you turned the power off, 
and if the power was not off for more than 2 minutes, you can go 
ahead with the calibration procedure after the card has warmed up 
for 5 minutes. | 


Note the position of the slide switch on the front edge of the 
RLYMUX card; then set it to the ON position. (This ties the GUARD 
pins of the ecard to the LOW pins. After the calibration is 
finished, you will return the switch to its original position.) 


At the host computer you are using (HP 1000, HP 9826, etc.) issue 
the command : 


ID(1,n)! 


to your HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 
just type in "CARDS" .) This will cause the ID codes of the 
function cards in your’ system to be returned; an ID code of 4 
Should be returned for the slot that contains the HP 25504 RLYMUX 
card. 


{=-25 
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10) Issue the following command from the host computer to the HP 2250: 


11) 


7.8.3 


1) 


AI (slot,1) 


where "slot" is the slot number of the RLYMUX card. This will 
cause the HP 2250 to make an analog reading of the RLYMUX card. 
Two values should be returned: 


a) A condition code of 0, indicating that the command executed 
correctly. 


b) The datum from the conversion on channel 1; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
Knowing what the “correct" reading should be. All that you 
are doing here is verifying that the card is able to take a 
reading.) 


If step 10 was successful (that is, if an integer between -32768 
and 32767 was returned), you are ready to proceed with the 
calibration. | | 
LINEARITY ADJUSTMENT 

Select a channel and connect the leads from the voltage source to 


the high and low input pins for that channel. The polarity of this 
connection 1S not important. (The relationships between’ the 
channels and the input pins are described in the paragraphs on "Pin 
Assignments and Cabling", earlier in this chapter. 


2) 


3) 
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Connect the leads from the voltmeter to test points TP14 and TP15 
on the RLYMUX card. (See figure 7-7.) 


| 
| 
i 


ial 


Cy 
gQO|g0 


: 


OQ 
GES 
OC 
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Figure 7-7. Linearity adjustment. 

Set gain for the channel to 1. You can use the command 

GAIN (slot, channel) 98 
where "slot" specifies the number of the slot that contains the 
RLYMUX card that you are testing and "channel" specifies the number 
of the channel that you are using to make the meaSurements. 
Take an analog reading from the channel. You can use the command 

AI (slot, channel) 
where "“slot" specifies the number of the slot that contains the 


RLYMUX card that you are testing and "channel" specifies the number 
of the channel that you are using to make the measurements. This 
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5) 


6 ) 


7.8.4 


1) 


2) 


3) 


will connect the input pins to test points TP14 and TP15, and will 
allow the voltage supplied by the voltage source to be displayed on 
the voltmeter. | 


Set the voltage source to provide 9 volts and note the voltage 
reading that appears on the voltmeter. Then set the voltage source 
to provide -9 volts and again observe the reading on the voltmeter. 
The difference between the two voltage readings should be 
18.000 V + 0.001 V; if it is not, the card is out of linear 
calibration. Don't worry about voltage offset during this part of 
the calibration procedure; that will be covered next, in the 
paragraphs on offset adjustment. 


If the card is out of linear calibration, adjust potentiometer R77 
(see figure 7-7) until the above test yields a voltage difference 
of 18.000 V + 0.001 V. 


Disconnect the voltage source and the voltmeter from the RLYMUX 
card. 


OFFSET ADJUSTMENT 


Select a channel and_ short the high and low input pins of that 
channel, using the shorting connector (Shown in figure 7-6). 


Set the gain of that channel to 100. You can use the command 

GAIN (slot, channel) 100 
where "Slot" specifies the slot that contains the RLYMUX card and 
"Channel" specifies the channel that you are using for this 
measurement. 
Take a reading from the channel. Use the command 

AI (slot, channel) 
where "slot" specifies the slot that contains the RLYMUX card and 


"channel" specifies the channel that you are using for this 
measurement. 
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4) Connect the voltmeter leads to test points TP1ll and TP20. (See 
figure 7-8.) 
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Figure 7-8. First Offset Adjustment 


5) Adjust potentiometer R70 (see figure 7-8) until the voltage reading 
on the voltmeter is 0.0 mv + 0.2 mv. (The voltage reading will 
change continuously to some small degree. This noise is normal and 
Should not be of concern as long as it is possible to obtain a 
continuous offset within the 0.0 mv + 0.2 mV range.) 
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6) Remove the voltmeter lead from test point TP11 and connect it to 
test point TP10. Leave the other voltmeter lead connected to test 
point TP20. (See figure 7-9.) 
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Figure 7-9. Second Offset Adjustment 


7) Adjust potentiometer R62 (see figure 7-9) until the voltage reading 
on the voltmeter is 0.0 mV + 0.2 mV. (AS with the first offset 
adjustment, there will be some noise present.) 
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8) Remove the voltmeter leads from the test points and connect them to 
test points TP14 and TP15. (See figure 7-10.) 


52A-0625 


Figure 7-10. Third Offset Adjustment 


9) Adjust potentiometers R27 and R57 until the voltage reading on the 
voltmeter is 0.0 mv + 0.2 mV. While it is usually possible to make 
this adjustment using only one of the potentiometers, it is better 
to adjust both potentiometers together, a little at a time, until 
you obtain the proper reading. (As with the first two adjustments, 
there will be a certain amount of noise. This noise is normal and 
Should not be of concern as long as it does not prevent you from 
calibrating the card.) 


10) Disconnect the voltmeter leads from the RLYMUX card, and remove the 
shorting connector from the card. 
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7.8.5 PUTTING THE SYSTEM BACK TOGETHER 


Once you have made the linearity and offset adjustments, all that remains 
is to return the system to its normal operating configuration. 


1) Turn the HP 2250 system power OFF. 


CAUTION 


The RLYMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you _ handle 
the card. (The pages on "Safety Consider- 
ations" at the beginning of this’ manual 
describe the anti-static procedures that 
you should follow.) Failure to follow 
these procedures may result in damage to 
the card. 


2) Remove the RLYMUX card from the extender card and attach the metal 
shield to the RLYMUX card. 


High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAs). Such 
voltages can be lethal. When you connect’ the 
FWAS to the RLYMUX card, be careful that you 
do not establish a path from the FWAS to ground, 
either through the equipment or through yourself. 


4) Connect the field wiring assemblies (FWAS) to the RLYMUX card. 


5) Set the slide switch at the front edge of the card to its original 
position. | 


6) Turn the HP 2250 system power ON and make sure that the system 
passes self-test. 


7) The HP 2250 is now ready to return to normal operation. 
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7.9 RELAY VERIFICATION 


The relays on the relay modules have a finite life, averaging 40 million 
closures. If a relay fails, it can fail in one of two modes: broken and 
left in the open position or stuck in the closed position. The symptoms 
of relay failure can be quite subtle; the most common symptoms are 
readings that give you unexpected values. 


The procedures in the following paragraphs allow you to find out whether 
any of the input relays on your RLYMUX card have failed. Replace any 
failed relays, using the procedure outlined in the paragraphs on "Relay 
Modules", above. 


The relay verification can be performed with the RLYMUX card in the 
HP 2250. 


Channel assignments for the relay modules and the connector pins on the 
card edge are given earlier in this section. 


7.9.1 EQUIPMENT REQUIRED 
You will need the following equipment to perform the relay verification. 


1) A voltage source. This could be the voltage source that you use 
for calibrating the RLYMUX card (Electronic Development Corporation 
model 501J, or equivalent), or it could even be a battery of known 
voltage. | 


2) A voltmeter capable of measuring volts and ohms. This could be the 
HP 3455 (or equivalent) that you use for calibrating the RLYMUX, or 
it could be any multimeter, such as the HP 3476A/B. 


3) A program that allows you to issue commands to the HP 2250. The 
MCX program (part of the HP 25581 or HP 25582 Automation Library) 
is probably the easiest to uSe. 


4) You might find specially wired connectors or standard unterminated 
cables (HP 25551D) to be handy. You will have to make connections 
to the individual pins of the card connectors, and there is not a 
lot of room to make connections at the pins themselves. 
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7.9.2 PRELIMINARY PROCEDURE 


Take the following steps to prepare for the relay verification tests: 


1) Turn the HP 2250 power OFF. 


High voltages (up to 350 volts or more) may be present in 
the field wiring assemblies (FWAS). Such voltages are 
potentially lethal. When you disconnect the FWAs from 
the RLYMUX card, be careful that you do not establish a 
path from the FWA to ground, either through the equipment 
or through yourself. Be sure to place the FWAS in a 
position that prevents them from becoming grounded. 


2) Disconnect the FWAs from the RLYMUX card. 


3) Turn the HP 2250 power ON, and make sure that the HP 2250 peerer 
its self-test. You are now ready to test the relays. 


4) Note the position of the GUARD-to-LOW slide switch on the front 
edge of the RLYMUX card. You will need to return this switch to 
its original position at the end of the verification procedure. 


7.9.3 TEST FOR BROKEN (OPEN) RELAYS 


The following procedure tests for relays that are broken and left in the 
open position. Any bad relays that you find should be replaced, using 
the procedures outlined in the paragraphs on "Relay Modules" earlier in 
this section. | 


1) Set the GUARD-to-LOW slide switch on the front of the card to the 
OFF position. 


2) Using MCX or a Similar program, set the gain of the RLYMUX card to 
a range that is compatible with your voltage source. 


3) For each channel of the RLYMUX card: 


a) Connect the leads of the voltage source to the HIGH and LOW pins 
of the channel. 


b) Using a BLOCK AI command, take at least 50 readings of the 
voltage applied to the channel. (The large number of readings 
ensures that the voltage has time to settle at a stable value, 
even if it comes from a high-impedance source.) 
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c) Check that the value of the voltage reading is the same as the 
voltage supplied by the voltage source. If it is not the same, 
the relay module for the channel is bad and should be replaced. 


d) Reverse the lead from the voltage source and take another 50 
readings with a BLOCK AI command. Check that the value of the 
reading is the same as the voltage supplied by the source. If 
it is not the same, the relay module is’ bad and should be 
replaced. 


e) Measure the resistance between the GUARD pin of the channel and 
an adjacent card-driven guard pin. The resistance should be 
approximately 100 ohms. If the resistance is very high (open 
circuit), the relay module is bad and should be replaced. 


4) Go to the next channel and repeat the tests in step 3. 


5) 


When all channels have been tested, this portion of the relay 
verification is complete. Go on to the test for relays stuck in 
the closed position. 


7.9.4 TEST FOR STUCK (CLOSED) RELAYS 


This 


procedure tests for relays that are stuck in the closed position. 


Any bad relays that you find should be replaced, using the procedures 
outlined in the paragraphs on "Relay Modules" earlier in this section. 


Take the following steps: 


1) 


2) 


3) 


4) 


5) 


6) 


Set the GUARD-to-LOW slide switch on the front of the RLYMUX card 
to ON. 


Using MCX or a Similar program, take a reading from channel 1 with 
an AI command. 


Connect one lead of the ohmmeter to the HIGH pin of channel l. 


Using the other lead of the ohmmeter, check the resistance between 
the HIGH pin of channel 1 and the HIGH pins of each of the other 
channels, one channel at a time. Each channel should give a high 
resistance reading, indicating an open circuit. If you get a 
reading of approximately 200 ohms on any channel, the relay module 
for that channel is bad, and should be replaced. 


Move the ohmmeter lead from the HIGH pin of channel 1 to the LOW 
pin of channel l. 


Using the other lead of the ohmmeter, check the resistance between 
the LOW pin of channel 1 and the LOW pins of each of the other 
channels, one channel at a time. Each channel should give a high 
resistance reading, indicating an open circuit. If you get a 
reading of approximately 200 ohms on any channel, the relay module 


735 


HP 25504 


You 


for that channel is bad, and should be replaced. (Note that this 
test checks the GUARD pins as well, since they are tied to the LOW 
pins through the GUARD-to-LOW Switch.) 


have now tested all relays except the relay on channel 1. To test 


the channel 1 relay: 


7) 
8 ) 
9) 


10) 


11) 


Connect one lead of the ohmmeter to the HIGH pin of channel 16. 
Take a reading from channel 16 with an AI command. 
Measure the resistance between the HIGH pin of channel 16 and the 


HIGH pin of channel 1. You’ should get a high resistance reading, 
indicating an open circuit. If you get a reading of approximately 


200 ohms, the relay is bad, and should be replaced. 


Move the ohmmeter lead from the HIGH pin of channel 16 to the LOW 
pin of channel 16. 


Measure the resistance between the LOW pin of channel 16 and the 
LOW pin of channel 1. You should get a high resistance reading, 
indicating an open circuit. If you get a reading of approximately 
200 ohms, the relay is bad, and should be replaced. 


This completes the test for relays stuck in the closed position. 
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When 


RECONNECTING THE FIELD WIRING 


you have finished testing for bad relays, take the following steps 


to reconnect the field wiring to the RLYMUX card. 


1) 


2) 


2) 


Replace any relays that failed the tests, in accordance with the 
replacement procedure outlined in the paragraphs on "Relay Modules" 
earlier in this chapter. 


Set the GROUND-to-LOW slide switch on the front of the RLYMUX card 
to its original position. 


Turn the HP 2250 system power OFF. 


High voltages (up to 350 volts or more) may be present in 
the field wiring assemblies (FWAS). Such voltages can be 
lethal. When you connect the FWAS to the RLYMUX card, be 
careful that you do not establish a path from the FWAS to 
ground, either through the equipment or through yourself. 


4) Connect the FWAS to the RLYMUX card. 
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5) Turn the HP 2250 system power ON and make’ sure that the system 
passes self-test. 


The system is now ready for use. 
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Section VIII 
HP 25510A 4-Channel Voltage /Current Analog Output 


8.1 INTRODUCTION 


This section provides information for the HP 25510A 4-Channel 
Voltage/Current Analog Output card. Included are specifications and a 
functional description. Installation information for the card is 
provided in the HP 2250 Measurement and Control Processor Installation 
and Start-Up Manual, part number 02250-90012. 


8.2 DESCRIPTION 


The HP 25510A, shown in figure 8-1, provides the basic analog output 
capability for the HP 2250 system. The card features four programmable 
output channels. Hach channel consists of a 12-bit digital-to-analog 
converter (DAC), and is isolated one from the other and from earth 
ground. | 


The channels can independently provide either a voltage or a current 
output, according to the switch settings of the voltage/current switches 
located on the card. A choice of either unipolar or bipolar output 
voltages is also provided for each channel by setting the 
unipolar/bipolar switches on the card to the desired position. Although 
the card will function properly without using remote sense, this feature 
is provided to allow increased accuracy when in the voltage output mode. 
Remote sense should not be used in the current output mode. 
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Figure 8-1. HP 25510A 4-Channel Voltage/Current Analog Output 
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8.3. SPECIFICATIONS 


Table 8-1 contains specifications for the HP 25510A. 


8.4 FUNCTIONAL DESCRIPTION 


Figure 8-2 is a functional block diagram showing the input/output buses 
and the major functions of the HP 25510A card. 


The primary purpose of the card is to convert the value of a data word 
received from the processor unit (HP 2104) to an equivalent analog 
voltage or current value and transfer it to the appropriate output 
channel. 


The card has four isolated output channels capable of providing 
independent analog output voltages or currents for user applications. 
Each output channel has an OUTPUT CHANNEL Register associated with it. 
A write command selects the output channel by addressing its OUTPUT 
CHANNEL register. 


When the card is programmed to output a voltage, an input data word from 
the processor containing the voltage value to be converted is applied to 
the input of the card's Formatter. The Formatter reformats the 16-bit 
input data word, rounds it off to a ji2-bit word, and changes it from 
parallel to serial form. The output of the Formatter is applied to the 
input of a Channel Selector. The Channel Selector selects the proper 
channel when addressed by the Channel Address from the Control Logic. 
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Table 8-1. HP 25510A Specifications 


FEATURES 
12-bit resolution 
Four independent, isolated channels 
Unipolar or bipolar voltage output mode, or current output mode 
Remote sense capability (voltage output mode) 
Buffered voltage outputs 


20 mA current output 


APPLICATIONS 
Provides four output channels for proportional controllers, 


strip chart recorders, or any device controlled by either 
+/- 10 volt levels or a 20 mA current loop. 


PROGRAMMING INFORMATION 


VO command: Voltage output to specified channel, in 
millivolts 


VOR command: Voltage output to specified channel, in 
floating point format (units are volts) 


CO command: Current output to specified channel, in 
microamps | 


COR command: Current output to specified channel, in 
floating point format (units are amps) 


CONFIG command: Read output mode of all four channels of 
the selected card. 
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Table 8-1. HP 25510A Specifications (Continued) 


ELECTRICAL CHARACTERISTICS 


CO VO VO 


Command 


Command Data O- 6.20477 O: 6 T0256 ~10240 to 10237 
Range (Integer) 


Output Range O: Go 20475: WA | O° Bo 1025745 mV -10240 to 10235 
mV 


Compliance 20 mA +/- 20 mA 


Resolution 2s oo TOV 5 mV 


Accuracy tJ a DoS i1V +/- 5 mV 
(25 degrees C, 

less than 80% 

relative 

humidity) 


Below 80% 
relative humidity|degree C degree C degree C 


80 to 95% sy Se ores. pie Oak | +/- 0.8 
relative humidity 


Noise RMS +/- 2 uA +/- 2 mV 
(100 kHz 
bandwidth) 


settling Time 300 usec 100 usec 100 usec 
(-full scale to 

+full scale to 

within 1 LSB) 


Slew Rate 1 mA/usec 5 V/usec 


Output +/- 35 VDC Short or +/- 15 VDC across any 
Protection across any voltage output 

current 

output 
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Table 8-1. HP 25510A Specifications (Continued) 


ISOLATION: 


400 volts peak (common mode) 


DATA RATE 


31.25 K words/second 


CROSSTALK (attenuation from channel to channel 


Frequency Attenuation Attenuation Ratio 
(db) V(crosstalk)/V(noise ratio) 


0.00008 
0.00014 


0.001 
0.0028 
0.0079 
0.02 
0.035 
0.04 


To calculate the actual crosstalk ratio: 


V(crosstalk) = V(noise source) x attenuation ratio 
Example: 


The low side of an adjacent channel has 10 VAC, 50 kHz 
of noise. The voltage appearing differentially across 
the channel of interest is 


10 x 0.02 = 200 mV, 50 kHz 
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Table 8-1. HP 25510A Specifications (Continued) 


PHYSICAL CHARACTERISTICS 
Width: 28.91 ecm (11.38 in.) 
Depth: Shee Cm 115.54. ine) 


Height: 3.5 om (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


The data word from the Channel Selector then passes through the selected 
channel Isolation Transformer and is converted to an analog voltage by 
the 12-bit Digital-to-Analog Converter (DAC). From the DAC the analog 
voltage is sent to it associated output channel. 


The output provides either a unipolar/bipolar voltage source or a 
current source, depending on the positions of the unipolar/bipolar and 
voltage/ current switches on the card. 
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ANALOG 
DATA OUTPUT 
BUS men CHANNEL 1 
A DATA CHANNEL ISOLATION DAC 1 CHANNEL 1 
(PARALLEL) (SERIAL) SELECTOR CHANNEL 2 TRANSFORMER OUTPUT CHANNEL 
FORMATTER (4 CHANNELS) REGISTER 1 
, DAC 2 
ISOLATION 
CARD ID TRANSFORMER OUTPUT CHANNEL 
CARD ID CHANNEL REGISTER 2 
REGISTER ADDRESS 
Al 
DAC 3 
CARD CONFIGURATOR Betis OUTPUT CHANNEL 
BUS REGISTER 
CONTROL LOGIC 
CONTROL/ADDRESS/TIMING aA 
ANGEOERCE OUTPUT CHANNEL 
STROBE ; REGISTER 4 
EN ANALOG 
25 KHZ ISOLATED POWER | +26V, +15V, +12V, +5V, -—15V OUTPUT 
SUPPLY (DAC 1) 
POWER 
BUS 


WRITE REGISTERS READ REGISTERS 


OUTPUT CHANNEL 1 CARD CONFIGURATION 


SUPPLY (DAC 4) 


OUTPUT CHANNEL 2 CARD ID 
OUTPUT CHANNEL 3 
OUTPUT CHANNEL 4 


POWER 
SUPPLY 
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Figure 8-2. HP 25510A Functional Block Diagram 
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8.5 REGISTER ASSIGNMENTS 
Register assignments for the DAC card are shown in table 8-2. 
The analog output cards (DACs) perform no input. The data to be output 


is written to the registers on page 5. The output data is a 16 bit 
integer. The specific significance of each bit is: 


Bit Voltage mode Current mode 
15 Sign bit always set this to zero 
14 5.120 V 10.240 mA 
13 2.560 V 5.120 mA 
12 1.280 V 2.560 mA 
11 0.640 V 1.280 mA 
10 0.320 V 0.640 mA 

9 0.160 V 0.320 mA 

8 0.080 V 0.160 mA 

7 0.040 V 0.080 mA 

6 0.020 V 0.040 mA 

) 0.010 V 0.020 mA 
4 0.005 V 0.010 mA 

5 0.0025 V 0.005 mA 

2 0.00125 V 0.0025 mA 

1 unused 0.00125 mA 
0 unused unused 


The ecard configuration register can be used to tell whether a channel is 
configured for bipolar voltage, unipolar voltage, or current output. 


BIT MEANING 


0 Channel 1: Bipolar if set, Unipolar if Clear 

1 Current output if set, Voltage if Clear 
2 Channel 2: Bipolar/Unipolar 

3 Current/Voltage 

y Channel 3: Bipolar/Unipolar 

5 Current/Voltage 

6 Channel 4: Bipolar/Unipolar 

7 Current/Voltage 

8 


-31 Undefined 


A read of the card status register will always return 0. 
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TABLE 8-2. ANALOG OUTPUT REGISTER ASSIGNMENTS 


word 1] word 2 word 1 word 2 word 1 word 2 word 1 word 2 


OnNNM B WD FE 


OUTPUT CH. 
OUTPUT CH. 
OUTPUT CH. 
OUTPUT CH. 


1 
2 
3 
4 
5 
6 
7 
8 
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TABLE 8-2. ANALOG OUTPUT CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1] word 2 word 1 word 2 word 1 word 2 word 1] word 2 


1 
2 
3 
4 
5 
6 
7 
8 


PAGE 14 PAGE 15 PAGE 16 


ONDM BWN FE 


CARD CONFIG 
0 
CARD STATUS 
0 
CARD ID REG 
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8.6 PIN ASSIGNMENTS AND CABLING 

Table 8-3 shows the signals that are routed to the card connector pins at 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 


Table 8-3. HP 25510A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION CONNECTOR PINS 


1,2 ID. Resistor A1J6 1 35 
1 Ch; +V/I1 A1J6 2 34 
2 Ch. -V/I A1Jd7 1 3, 
1 Ch. +S AlJd7 2 35 
2 Ch. -S A1J8 1 uy, 
1 Ch. +V/I A1J8 2 4, 
2 -V/I A1J9 1 y, 
1 +S A1J9 2 4, 
2 -S 


V/I = voltage/current output 
S = remote sense input 


Note that pin 3 of J2 through J9 is not used by the Analog 
Output Card. Pin 3 is not electrically connected to the card, 
but may be used as a connection point for the shield in the 

HP 25551A/B I/O Cables. 


The connection between the DAC card and the field wiring is made with one 
of two cables: | 


HP 25551A (analog card cable with screw terminations) 


HP 25551B (analog card cable, unterminated) 


8.7 CALIBRATION 


The HP 25510 analog output card (DAC card) should be calibrated any time 
that you change the operating mode (unipolar voltage, bipolar voltage, or 
unipolar current output) of a channel, or after every nine months of 
Operation under normal conditions. After calibration, you can verify the 
overall operation of the card by performing the tests described in the HP 
2250 Measurement and Control Processor Diagnostic and Verification 
Manual, part number 25595-90001. : 
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The 
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following paragraphs contain specific instructions for calibrating 


the DAC card. 


8.7.1 


EQUIPMENT REQUIRED 


To calibrate the DAC card you need the following equipment: 


1) 


2) 


HP 3466A digital multimeter 

OR 

a) HP 3455A digital voltmeter 
and 


b) a .25W 100 ohm resistor 


The multimeter is slightly easier to use. 


8.7.2 
1) 


2) 


3) 


5) 


6) 


PRELIMINARY PROCEDURE 
Turn the power to the HP 2250 system OFF. 


Remove the field wiring assemblies (FWAsS) from the HP 25510A DAC 
card. 


Remove the DAC card from its slot in the backplane and set the mode 
Switches for each DAC channel to the desired mode of operation 
(unipolar voltage, bipolar voltage, or unipolar current output). 
The mode switches (one pair per channel) are located near the front 
edge of the card. 


Note that bipolar current output is not a legal option, and that 
such a switch setting will prevent the card from identifying itself 
following a power ON cycle. 


Insert the card into its slot and turn power to the HP 2250 system 
ON. Make sure that the system passes self-test. 


Allow the card to reach normal operating temperature. This warm-up 
period is generally 15 minutes, but it can be shorter if the card 
was at operating temperature before you turned off the system 
power. If power was off for 30 seconds or less you don't need to 
allow any extra warm-up time. 


At the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 


ID(1,n)! 
to the HP 2250, where n is the number of function card slots in 


your HP 2250 system. (If you are uSing the MCX exerciser program, 
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7) 


you can enter "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 10 
should be returned for the slot that contains the HP 25510A DAC 
card. 


Since a voltmeter can not meaSure current directly, you will have 
to make special arrangements if you are uSing a voltmeter (rather 
than a multimeter) and if any of your channels is set for current 
output. This can be done easily using a .25W 100 ohm shunt 
resistor and Ohm's Law. 


Before you make any current measurements, set your voltmeter to 
measure ohms and measure the value of the resistor. For this 
measurement, connect the resistor directly across the ohms input; 
that way you will avoid including the resistance of the test leads 
in your measurement. We will refer to the measured resistance 
value as "R" in the tables below. 


When you meaSure the current output from a DAC channel, set the 
voltmeter to measure volts and connect the resistor directly across 
the volts input. Connect the test leads to the current output. 
The test leads and the resistor thus become part of the circuit, 
and the voltmeter makes a direct reading of the voltage drop across 
the shunt resistor. This voltage drop is equal to the product of 
the measured resistance and the current output; that is, E = IR. 
(Clever, eh?) The tables below indicate acceptable ranges for the 
voltages being measured. 
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3.7.3 VOLTAGE AND CURRENT ADJUSTMENTS 


Each channel of the DAC card needs to be adjusted according to the output 
mode selected for that channel. A zero adjustment anda full scale 
adjustment are made for each channel. Do the following: 


1) Make the zero adjustment: 

a) Set up the multimeter/voltmeter to meaSure voltage or current, 
as is appropriate to the output mode of the channel you are 
calibrating. Select a range compatible with the value in table 
8-2, below. Attach the test leads of the meter to the 
appropriate output points. 


b) Using the exerciser program (MCX, for example) issue the 
appropriate command to the DAC card, as listed in table 8-2. 


c) Adjust the zero potentiometer for the channel until the meter 


reading is in the range specified by the table. 


Table 8-2. Zero Calibration Values 


MCL Command Meter Reading 


VO(slot,channel)0! -.001 V to +.001 V 
VO(slot,channel)-10240! -10.242 V to -10.238 V 


CO(slot,channel) 5! 003 mA to .007 mA 
or .003*R mV to .007*R mV 


unipolar voltage slot = slot number of DAC card 
bipolar voltage channel = channel being 
unipolar current calibrated 


resistance of shunt resistor (see item 7, above) 
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2) Make the full scale adjustment: 


a) Make sure that the multimeter/voltmeter is set to a range 
compatible with the values in table 8-3, below. 


b) Using the exerciser program, issue the appropriate command, as 
listed in table 8-3. 


c) Adjust the gain potentiometer until the meter reading is in the 
range specified in the table. 


Table 8-3. Full Scale Calibration Values 


MCL Command Meter Reading 


VO(slot,channel)10238! +10.237 V to +10.238 V 
VO(slot,channel) 10235! +10.233 V to +10.237 V 


CO(slot,channel) 20475! 20.473 mA to 20.477 mA 
or 20.473*R mV to 20.477*R mV 


unipolar voltage slot = slot number of DAC card 
bipolar voltage channel = channel being 
unipolar current calibrated 


resistance of shunt resistor (See item 7, above) 


3) Repeat steps 1 and 2 for each channel. 


4) After 


all channels have been calibrated, use the exerciser program 


to issue commands to set outputs for all channels at normal levels. 


5) Reconnect the field wiring and resume normal operation. 


Section [X 
HP 25511A 32-Point Digital Input 


9.1 INTRODUCTION : 


This section provides information for the HP 25511A 32-Point Digital 
Input card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and Start-Up Manual, part 
number 02250-90012. 


9.2 DESCRIPTION 


The HP 25511A, shown in figure 9-1, provides 32 digital-input points for 
detecting events and reading input states. When an event occurs, an 
interrupt notifies the processor unit. 


Events are independently defined in the controlling program for each 
input point. Events are defined by sense; i.e-, direction of change 
(high to low or low to high) or either direction. The sense conditions, 
input states, and interrupt status are available for the processor unit 
to read at any time. 


The 32 points are divided into two 16-point fields with a separate 
external strobe input for each field. 


Applications for the digital input card include the monitoring of 
processes in industrial and laboratory systems, the monitoring of on/off 
conditions of all types of devices such as motors (through sensing the 
presence or absence of motor winding power), ac or de relays, and the 
monitoring of digital instruments and digital sensors. 
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Digital Input 


HP 25511A 32-Point 


9-1. 


Figure 
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9.3 SPECIFICATIONS 


Specifications for the HP 25511A are provided in table 9-1. 


Table 9-1. HP 25511A Specifications 


FEATURES 
32 digital input points/two 16-bit fields 


Interrupt detection via programmable mask and transition 
sense registers 


TTL, CMOS high-voltage inputs 


One external strobe per 16-bit field 


Tsolated inputs to 230 VAC 


APPLICATIONS 
Monitoring of digital data such as: 
Mechanical or solid state switches 
Coil/winding power sensing on relays and motors 
Instruments or transducers with digital outputs 


Any application in which information is contained in the 
absence or presence or an AC or DC voltage 


a= 2 
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Table 9-1. HP 25511A Specifications (Continued) 


PROGRAMMING INFORMATION 


DI command: Read a single digital input point, or sequence 
of points 


FI command: Read a single digital input field, or sequence 


INTERRUPT 
command: Enable card interrupts 


RINTERRUPT 
command: Read interrupt configuration 


SENSE command: Define interrupt transition sense 
SOVER command: Override transition sense for interrupts 


WPOINT command: Wait for digital input point 


ELECTRICAL CHARACTERISTICS 


EXTHRNAL STROBE OPERATION 


Minimum Detectable Input Pulse Width from an External 
Strobe Input: 


1 usec 

Maximum Effective External Strobe Frequency: 
6245 KHZ 

External Strobe to Input Data Capture Delay: 


2 to 18 usec 
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Table 9-1. HP 25511A Specifications (Continued) 


NON-EXTERNAL STROBE OPERATION 
Minimum Detectable Input Pulse: 
16 usec 


Minimum Setup Time of Data with Respect to an Active Strobe 
Hdges: 


O usec 
Minimum Hold Time of Data with Respect to an Active Strobe Edge: 
16 usec 
Input Data Read Time: 
42 usec (23,800 input fields per second) 
Common Mode Rejection Ratio at 60 Hz: 
-45 db 
Common Mode Rejection Ratio at 1 kHz: 
-30 db 


Crosstalk Rejection Ratio: 


60 Hz 1 kHz 
Measured across non-isolated SCM input: -70 db -55 db 
Measured across isolated SCM input: -45 db -30 db 


PHYSICAL CHARACTERISTICS 
Width: 28.91 em (11.38 in.) 


Depth: 34.8 com (13.54 in.) 


Height: 3.5 em (1.38 in.) 


Weight: 680 grams (1.5 lbs) 
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9.4 INPUT SIGNAL CONDITIONING 


Signal conditioning modules (SCMs) are used with all inputs. The SCMs 
are mounted on the card before the card is installed in the measurement 
and control unit. The SCMs add components at the input terminals for 
matching external signals to the card inputs. SCMs offer circuit 
isolation or non-isolation anda selection of signal attenuation. The 
SCMs available with the HP 25511A are shown in table 9-2. More 
information on these SCMs is provided in Section XIV. 


Install the SCM, with its component side up, by aligning the guide holes 
in the SCM to the guide pins on the HP 25511A card, and pressing the SCM 
firmly into place. The physical orientation of the guide pins prevents 
improper installation of the SCM. The guide pins also serve as spacers 
to keep the SCM elevated from the surface of the card. Refer to the HP 
2250 Installation and Start-Up Manual, part number 02250-90012, #$=for 
further information on installing an SCM. 


9.5 FUNCTIONAL DESCRIPTION 


Figure 9-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25511A. 


The 52 digital input points are provided in two fields identified as 
Field 1 and Field 2. Each field consists of 16 points and an External 
Strobe input. The inputs connect to external field wiring through SCMs. 


In operation, the processor unit writes conditions to and reads results 
or contents from registers on the card. When an event is detected on 
one of the input points, an interrupt (if enabled) notifies the 
processor unit. An interrupt record is saved ina register so. the 
processor unit can read it. In addition to monitoring the present 
states, the input points independently detect events by comparing the 
past states with the present states, and determining if any state has 
changed in a selected direction (low levels changed to high levels, or 
high levels changed to low). When an event is detected, if the point is 
"unmasked" its corresponding bit in its Interrupt Register will be set 
and an interrupt signal will be sent to the processor unit. The 
interrupt record of events is saved until read by the processor unit, 
which resets the record to zero and clears the interrupt signals. 
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Table 9-2. SCMs Available for Use with the HP 25511A 


PRODUCT NUMBER DESCRIPTION 


255318 | 5 VDC Non-Isolated Source Strobe 
2553510 12 VDC Non-Isolated Source Strobe 
25 5.9.1:D O24 VDC Non-Isolated Source Strobe 
aes as al ae 48 VDC Non-Isolated Source Strobe 


2599 1k 
ras ae ea 


220998 
299050 
200299 
ee oo 3 
ZD99 58 
eas we 
es pe we fs 
2292799 


290992 
eae oy 
eas 5 A 
Za i ip 
2D 220% 
2222 935 


rae ie i 
255357Q 
ZO FIER 
25595 'b2 
2s 1 et 
ao af 
as se a | 
2555 TW 


5 VDC Non-Isolated Sink Strobe 
12 VDC Non-Isolated Sink Strobe 


5 VDC Isolated Strobe 

12 VDC Isolated Strobe 
O24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
T2 VDC Isolated Strobe 
120 VDC/72 VAC Strobe 

115 VAC Strobe 

230 VAC Strobe 


5 VDC Non-Isolated Source Input 
~f2 VDC Non-Isolated Source Input 
C4 VDC Non-Isolated Source Input 
48 VDC Non-Isolated Source Input 
5 VDC Non-Isolated Sink Input 

12 VDC Non-Isolated Sink Input 


5 VDC Isolated Input 

12 VDC Isolated Input 

24 VDC/16 VAC Isolated Input 
48 VDC Isolated Input 

T2 VDC Isolated Input 

120 VDC/72 VAC Isolated Input 
115 VAC Isolated Input 

230 VAC Isolated Input 
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ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS INTERRUPT 
ARE “WRITTEN TO” AND “READ FROM" AS LISTED IN THE FLIP-FLOP 
READ REGISTER AND WRITE REGISTER BLOCKS. THE 


DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE REGISTERS (NOTE SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS). 


Al 


1/0 CONNECTOR MODULES (TO FIELD WIRING) 


UNMASK GATES 


EVENT DETECTOR READ REGISTERS 


& EVENT STORAGE 
REGISTERS: FIELD 1 SENSE 
FIELD 1 SENSE REGISTERS FIELD 2 SENSE 
FIELD 1 SENSE UNMASK FIELD 1 FIELD 1 SENSE OVERRIDE 
INPUT SIGNAL OVERRIDE INTERRUPTS FIELD 2 SENSE OVERRIDE 
CONDITIONING FIELD 1 FIELD 1 UNMASK 
MODULES FIELD 2 UNMASK 


INPUT POINTS 1-16 
INPUT POINTS 17-32 


INPUT STATE 


FIELD 1 ORAGE INPUT FIELD 1 
POINTS 1-8 INPUT PE erene: INPUT FIELD 2 
BUFFERS : INTERRUPTS FIELD 1 
INPUT POINTS 1-16 
INPUT FIELD 1 INTERRUPTS FIELD 2 
CARD CONFIGURATION en 
CARD STATUS allen 
CARD IDENTIFICATION 


EXT. STROBE 


STROBE 


DETECTOR OR 

REGISTER: REGISTER: 

CARD CARD INTERNAL STROBE 

CONFIGURA- CONFIGURATION WRITE REGISTERS 


TION FIELD 1 SENSE 

FIELD 2 SENSE 

FIELD 1 SENSE OVERRIDE 
FIELD 2 SENSE OVERRIDE 
FIELD 1 UNMASK 
FIELD 2 UNMASK 
CARD CONFIGURATION 


CARD REGISTERS 


CARD CONFIGURATION 


FUNCTIONAL CARD BACKPLANE 


EXT. STROBE INTERNAL STROBE 


STROBE 


FIELD 2 DETECTOR 

POINTS 17-24 REGISTER. SELECTOR 
CARD pee: 
CONFIGUR- 


ATION CONFIGURATION 


CONTROL 


INPUT STATE e ADDRESSING 
STORAGE 
INPUT e TIMING 
BUFFERS REGISTERS: e CONTROL 
INPUT POINTS 17-32 


INPUT FIELD 2 e HANDSHAKE 


UNMASK GATES 
& EVENT STORAGE 


EVENT DETECTOR 


AC POWER 


REGISTERS: 
FIELD 2 SENSE REGISTERS: +12 VDC ae a 
FIELD 2 SENSE UNMASK FIELD 2 POWER 

INTERRUPTS FIELD 2 SUPPLY 


INTERRUPT 
FLIP-FLOP 
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Figure 9-2. HP 25511A Functional Block Diagram 
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You exercise control over the card functions through writing and reading 
data to and from the various registers. The registers are identified by 
number under "Register Addressing" in Chapter 3 of this manual. 


9.5.1 Input Point Data 


Inputs from the field wiring enter the card through the plug-on SCMs. 
Each input SCM accomodates four contiguous points, and four SCMs cover 
one of the two 16-point fields. SCMs are selected by you to match 
Signal levels, and to provide signal isolation, if desired. Several 
different types and ranges may be selected (see table 9-2). 


Internal or external strobes can be employed independently on the two 
fields to determine when the input states will be stored in the Input 
Point Registers and Field Registers. Input states are stored in both 
Point Registers and Field Registers so they can be returned to the 
processor unit in either format. If only one or a few points are of 
interest, point reading will be faster than sorting the desired points 
out of a field read. 


The external strobe allows you to make sure that only valid data is 
being input after external adjustments have been made. The state of 
each point at the moment a strobe occurs becomes the current or present 
state of that point. The external strobe is used only for reading the 
input states and has no effect on event detection. Event detection is 
performed by an independent circuit that samples the input state every 
16 microseconds. Nothing is allowed to interfere with this sampling. 


Whether or not the external strobe is used to specify when inputs are 
valid, the time at which the valid inputs are read is determined by an 
internal measurement strobe. This internal strobe is normally issued at 
the time of the read command; however, it can be delayed in order to set 
up several cards to be read at the same time. The cards are read when 
they are strobed concurrently. (This is explained under "INPUT TIMING" 
below.) 


9.5.2 Status Readback 


The card status register contains a "Strobe Wait for Data" bit (Bit 0 
for field 1, and Bit 1 for field 2). When the bit is set, it means that 
the corresponding field is waiting for a strobe to input new data, after 
the previous read has completed. When it is clear, it means that the 
card has not yet read previous data and cannot accept new data. 
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9.5.3. Events | 


An event occurs when an input changes state either ina specified 
direction (Sense Register) or both directions (Sense Override Register). 
When the selected direction occurs on an unmasked point, the occurrence 
is recorded in the Interrupt Register for the point. If it is the first 
event in a series (the register was previously cleared) an interrupt 
message goes to the processor unit. 


The 16-bit event detection registers contain one bit of information for 
each of the 16 points of two fields (one register of each type per 
field. The event detection registers are the following: 


SENSE REGISTER: Selects one of two directions for events. 


SENSE OVERRIDE REGISTER: Allows both directions for events when 
set. 


UNMASK REGISTER: Selects which points may cause an interrupt. 
INTERRUPTS REGISTER: Records which unmasked points had an event. 


An input change is detected by examining each input every 16 
microseconds to see if the present state differs from the past state. 
The event detector compares the direction of change with the desired 
direction of change as specified in the Sense Register and Sense 
Override Register. The sense bit to allow an event is a logic 1 for a 
low-to-high change, and it is a logic O for a high-to-low change. 


For example, if a point has a state of O (low) and the sense bit for it 
is 1, a change from low-to-high (0 to1) will be an event. Conversely, 
if a point has a state of 1 (high) and the sense bit or it is 0, a 
change from high-to-low (1 to 0) will be an event. Opposite changes 
will not result in events. 


If the corresponding bit in the Sense Override Register is set to a 
Logic 15 the effect of the sense bit will be cancelled so that all 
changes will qualify as events. To summarize, if either: the sense 
override bit is set or the present state is the same as the sense bit, 
an event has occurred if the present state differs from the past state. 
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9.5.4 Unmasking Events 


When an event bit for an input point is generated, it is passed as an 
interrupt if the corresponding bit in the Unmask Register is "true." The 
Unmask Registers are 16-bit registers with bits corresponding to each 
point of Field 1 and Field 2, respectively. If the bit is (1), the 
point is "unmasked" and the bit is passed through and recorded for that 
point in its Interrupt Register. If the bit is (0), the point is 
"masked" and the event bit is not passed through. 


9.5.5 Interrupt Recording 


An event bit is stored in an Interrupt Register if it is the first one 
after a register reset to zero. If a bit for that point is already 
stored, nothing is changed by another event bit. The first event for 
any point after a reset to zero will set the Interrupt Flip-Flop which 
notifies the processor unit, through the Function Card Backplane, that 
an event has occurred. The card's Interrupt Enable bit must be set in 
order for the interrupt to propagate through to the processor unit. 


Both the Interrupt Register and Interrupt Flip-Flop are reset, oor 
cleared, when the Interrupt Register is read. The clearing is done in 
such a way that any event occurring during the read and clear will not 
be lost. It will either be included in the simultaneously occurring 
read, or it will be stored in the register for the next read. 


9.5.5.1 Event Detection 


An event will be detected according to the summary shown in table 9-3, 
which shows changes in input signal level versus corresponding register 
bits, and whether an event resulted. 


9-11 


HP 255114 


9.5.6 Timing 


9.5.6.1 Register Timing 


The registers are timed to operate serially at 1 microsecond per bit so 
that reads or writes to 16 points requires 16 microseconds. Backplane 
Signals are asynchronous to card time; therefore, reading and writing is 
made a constant 33 microsecond period to allow sychronization of the 
card. Added to this time there is a backplane overhead time of 8 
microseconds. 


Table 9-3. Event Summary 


INPUT SENSE SENSE EVENT 
SIGNAL OVERRIDE 
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9.5.6.2 Input Timing 


The Card Configuration Register is used to select either’ the 
non-external strobe mode or the external strobe mode and the strobe 
polarity. Bit O and Bit 1 select the strobe mode for Field 1 and Field 
2, respectively. A logic O selects the non-external strobe mode, and 
logic 1 selects the external strobe mode. The external strobe polarity 
is selected by Bit 8 and Bit 9 for Field 1 and Field 2, respectively. 
When set to logic 1 the input states latch on the rising edge of the 
strobe, and when set to logic O the inputs latch on the falling edge of 
the strobe. 


There are two program variations for strobes to input data, store it in 


a register, and read it. This is to provide commands to "read with 
measurement strobe’ or "read without measurement strobe" for immediate 
or delayed data reading, respectively. A measurement strobe is’ the 


internal strobe signal. 


Figure 9-3 illustrates the non-external strobe mode where the internal 
measurement strobe stores the input data. As in cycle i, every time 
there is a measurement strobe anda read command together (read with 
measurement strobe), the present data is returned as valid data. As in 
cycle 2, when the measurement strobe is omitted (read without 
measurement strobe) the previous data (cycle 1) is returned since no new 
data was stored. The "read without measurement strobe" will cause data 
to be input on the next measurement strobe but from then on the 
measurement strobe is disabled until the stored data is read, as shown 
in cycles 3 through 5. The measurement strobe is reenabled for cycle 6 
since the data was read in cycle 5. Optionally, cycle 6 may have a 
"read with measurement” strobe to return data immediately " or the read 
command may be omitted for delayed reading as shown. 


When a field or point has been configured to the external strobe mode, 
the operation is similar to the non-external strobe mode, described 
above, except that the external strobe substitutes for the measurement 
strobe to input data. External strobe operation is illustrated in 
figure 9-4. 
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NO EXT. STROBE MODE (CONFIG. REG.: FLD. 1 BIT O=O OR FLD. 2) BIT 1=0 


| IMMEDIATE | NO DELAYED READ REENABLED 
READ STROBE STROBE 
OC ik 4 CYCLE 2 | CYCLE 4 1) CYCLE 4.) CYCLE 5) CYCLE 6 
1 A | 


A 
| 1 
1 


OCCURRENCE 


(FIELD 1 
OR FIELD 2) 


Input Data 
Meas. Strobe 


Input Read NONE 
Stored Data 6 
Data Read NONE 


Normal read with meas. 
strobe where present 
data is returned as 
valid data. 


/Reenabled meas. 
strobe stores 
data without 
read command. 
Optionally, this 
data could be 

read in cycle 6. 

Read without measurement , 
strobe. Data from previous 

meas. strobe returned. 


Read command without 


meas. strobe returns 
delayed data and re- 
enables strobe. If 
there were a "read 
with meas. strobe," 
Data 5 would be 
stored and returned. 


Delayed measurement strobe 
stores new data. However,further 
meas. strobes are disabled until 
the data from cycle 3 is read. 


Measurement strobe is disabled and 
will store no new data. 


Figure 9-3. Non-External Strobe Mode Operation 
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EXT. STROBE MODE (CONFIG. REG.: FLD. 1 BIT O=1 OR FLD. 2 BIT 


IMMEDIATE READ DELAYED READ IMMEDIATE READ 
CYCLE WNCXYCLE. QVCYCLE SVCYCLE, 24ICYCLE SICYCLE: 6) CYCLE 7 
a a 3 4 A ° OA Th 


OCCURRENCE 
(FIELD 1 
OR FIELD 2) 


Input Data 
Ext. Strobe 
Stored Data 
Input Read 
Meas. Strob 


Data Read 


Normal read with 
meas. strobe. 
Input data from 
the ext. strobe 
is returned. 


Data stored 
using exter- 
nal strobe, 

and read 


Read without measure- 
ment strobe. Data is 
returned but the next 
measurement strobe that 
occurs without an 
accompanying read com- 
mand will disable 
further ext. strobes. 
BXGs. Strobe eotitd 
disabled. Read com- 
mand returns cycle 
Data is stored from the ext. 4 data and enables 
strobe but the measurement Subsequent external 
strobe is not accompanied by strobes. 

a read command, and therefore 

disables further ext. strobes. 


Until a read command occurs, 
strobes are disabled, and no 
will be stored or returned. 


Figure 9-4. External Strobe Mode Operation 
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In ecyele 1 there is an external strobe and data is input. This data is 
read using the "read with measurement strobe" command. In cycle 2 data is 
input with the external strobe but this time a "read without measurement 
strobe" command is used. Therefore, the next external strobe inputs data 
as shown in cycle 3, and since there is no read command the external 
Strobe is ignored in cycles 4 and 5. A read command in cycle 5 returns 
the stored data of cycle 3 and reenables the external strobe for cycle 6. 


9.6 REGISTER ASSIGNMENTS 


Register assignments for the digital input card are shown in table 9-4, 


The raw data available from the register addresses on pages 1 and 2 of a 
digital input card are the current values of the input points. These 
values are either 0 or 1 for each point; the higher 15 bits of the data 
word returned will always be 0. 


The only register addresses on pages 9-12 that have any significance on 
the digital input cards are as shown in the diagram. Reading from these 
addresses returns the current input values for each input field. Field 1 
is defined as points 1 through 16, field 2 is points 17 through 32, the 
lowest numbered point being in the least significant bit of the field. 


Page 13 holds the interrupt mask and sense register addresses. 


se 


The card configuration register of the digital input card is used to 
configure for external strobe. , 


Bit Meaning 


0 Enable external strobe for Field 1 

1 Enable external strobe for Field 2 

on] Undefined 

8 If bit 0 is set, bit 8 sets the type of transition 
for the strobe: if bit 8 is set, use the rising 
edge; if bit 8 is clear, use the falling edge. 

9 If bit 1 is set, bit 9 sets the type of transition 
for the strobe: if bit 9 is set, use the rising 
edge; if bit 9 is clear, use the falling edge. 

10-31 Undefined 


If bit 0O of the status register is true, it indicates that field 1 is 
waiting for the external strobe or an internal trigger. Bit 1 has the 
Same meaning for field 2. The remainder of the bits of the status 
register have no meaning. 
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DIGITAL INPUT REGISTER ASSIGNMENTS 
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TABLE 9-4. DIGITAL INPUT REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE 9 | PAGE 10 PAGE 11 PAGE 12 


FIELD 1 
FIELD 2 


SENSE 1 UNMASK 1 INTERRUPTS 1 
SENSE 2 UNMASK 2 INTERRUPTS 2 
OVERRIDE 1 
OVERRIDE 2 


con OM BW NF 


1 
2 
3 
4 
5 
6 
7 
8 


CARD CONFIG 
0 

CARD STATUS 
0 

CARD ID REG 
0 

0 

BIF 


HP 25511 


9.7 PIN ASSIGNMENTS AND CABLING 


Table 9-5 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 


Table 9-5. HP 25511A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION 7 CONNECTOR PINS CONNECTION 


R=147 ohms 


R=147 ohms 


1,2 1,2 

3 Fld. 1 Strobe 3 Fld. 2 Strobe 
4 Strobe Gnd. 4 Strobe Gnd. 
1 Pts Lo + 1 Pt. 17 + 
2 Pt. l - 2 Pt. 17 - 
3 Pt. 2 + 3 Pt. 18 + 
4 Pt. 2- 4 Pt. 18 - 
a Pt. 3 + 1 Pt. 19 + 
2 Pt. 3 - 2 Pt. 19 - 
3 Pt. 4 + 3 Pt. 20 + 
4 Pt. 4 - 4 Pt. 20 - 
a Pee (5: 1 Pt. 21 + 
2 Pt. 5 - 2 Pt. 21 - 
3 6 + 3 Pt. 22 + 
4 6 - 4 Pt. 22 - 
1 7 + 1 Pt. 23 + 
2 7 - 2 Pt. 23 - 
3 8 + 3 Pt. 24 + 
4 8 =~ 4 Pt. 24 - 


Hm NO 


Pts. 25 
Pt. 25 
Pt. 26 
Pt. 26 
Pt. 27 
Pt. 27 
Pt. 28 
Pt. 28 
Pt. 29 
Pils 29 
Pt. 30 
Pt. 30 
Pt. 31 
Pt. 31 
PGs 32 
Pts 32 
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The connection between the digital input card and the field wiring is 
made with one of two cables: 


HP 25550A (digital card cable with screw terminations) 


HP 25550B (digital card cable, unterminated) 
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Section X 
HP 25513A 32-Point Digital Output 


10.1 INTRODUCTION 


This section provides information for the HP 25513A 32-Point Digital 
Output card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and Start-Up Manual, part 
number 02250-90012. 


10.2 DESCRIPTION 


The HP 25513A, shown in figure 10-1, provides 32 points which switch 
states independently. The high and low (open and closed) switched 
states are matched to the application requirements by Signal 
conditioning modules (SCMs). The 32 points are divided into two fields 
of 16 points each. Each field includes an external strobe input so that 
output state changes can be synchronized with the application. 


10.3. SPECIFICATIONS 


Specifications for the HP 25513A are provided in table 10-1. 
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Table 10-1. HP 25513A Specifications 


FEATURES 
$2 Qigital output points 
Channels programmed independently or as two 16-bit fields 


Hxternal strobe can synchronize output changes to an external 
event (one per 16-bit field) 


AC/DC switching to 60 V peak (42 VAC), 400 mA peak 
AC zero voltage switching to 120 VAC, 1.5 A peak (16 channels, 
maximum) 
APPLICATIONS 
Provides solid state switching of AC and DC loads such as 
lamps, relays, solenoids, TTL, CMOS, displays, and small 
AC/DC motors. 
PROGRAMMING INFORMATION 
DO command: Write sequential digital outputs 
RDO command: Read sequential digital outputs 


FO command: Write sequential digital output fields (16 bits) 


RFO command: Read sequential digital output fields (16 bits) 


ELECTRICAL CHARACTERISTICS 


LOADS: 


Resistive or inductive 


OUTPUT DATA UPDATE TIME: 


24 usec 
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Table 10-2. HP 25513A Specifications (Continued) 


MAXIMUM EFFECTIVE EXTERNAL STROBE FREQUENCY: 


41.7 kHz 


MAXIMUM EXTERNAL STROBE TO OUTPUT DELAY: 


2 usec 


CROSSTALK REJECTION RATIO (100 K ohm load, channel-to-channel 


60 Ha: -62 db 
1 kHz: | -45 db 
5 kHz: -30 db 
10 kHz: -26 db 


PHYSICAL CHARACTERISTICS 
Width: 2606594: em “CA soe ate) 
Depth: 34.8 cm (13.54 in.) 
Height: 3.5 em (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


10.4 SIGNAL CONDITIONING 


The HP 25513A can drive a variety of logic circuits through the use of 
Signal conditioning modules (SCMs). SCMs are available for such 
application requirements as isolated or non-isolated outputs, DC, AC, 
and AC/DC switches. SCMs available with the HP 25513A are shown in 
table 10-2. More information on these SCMs is provided in Section XIV. 
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Table 10-2. SCMs Available for Use with the HP 25513A 


PRODUCT NUMBER DESCRIPTION 


20992 
25531¢ 
reap ep a 
252 91E 
29.29: K 
292091 h 


aie woe Ye 3, 
299720 
22202) 
22) 9 98 
Aas 8 9 50 
PID DDG 
229098 
229298 


CAS 2 
222298 
2909996 
aa Pe oo 8 
22999 


eo yo 


255448 
255448 
255440 


ZO 94 OT 


5 VDC Non-Isolated Source Strobe 
12 VDC Non-Isolated Source Strobe 
C4 VDC Non-Isolated Source Strobe 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 
12 VDC Non-Isolated Sink Strobe 


5 VDC Isolated Strobe 

12 VDC Isolated Strobe 
C4 VDC Isolated Strobe 
48 VDC Isolated Strobe 
Te VDC Isolated Strobe 
120 VDC/72 VAC Strobe 

115 VAC Strobe 

240 VAC Strobe 


Relay Arc Suppression Breadboard 
30 VDC Load Relay Arc Suppression 
24 VAC Load Relay Arc Suppression 
115 VAC Load Relay Arc Suppression 
230 VAC Load Relay Arc Suppression 


60 VDC/42 VAC Isolated Output 


Open Drain, Non-Isolated Output 
5 VDC Non-Isolated Output 
12 VDC Non-Isolated Output 


115 VAC Isolated Output 
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The types of SCMs used determine the number of points per I/0 Connector 
Module, and the number of points available for field wiring. The SCMs 
for DC outputs contain four points, and SCMs for AC outputs contain two 
points (AC SCMs divide the number of available points by two). Both AC 
and DC SCMs can be installed on the same card. 


SCMs are mounted on the card before the card is installed in the 
measurement and control unit. Install the SCM, with its component side 
up, by aligning the guide holes in the SCM to the guide pins on the HP 
25513A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Refer to the HP 2250 Installation and Start-Up 
Manual, part number 02250-90012, for further information on installing 
an SCM. 


There are two terminals per output point which differ in location on the 
1/0 Connector Modules according to whether it is an AC or DC point. The 
terminals for DC points may be used for reference in locating terminals 
for AC points. 


The DC SCMs have plus and minus connections (the minus connection is 
ground in mnon-isolated SCMs), and AC SCMs have two non-polarized 
terminals. The AC terminal pairs correspond with the odd-numbered plus 
(+) DC terminals and the even-numbered minus (-) DC terminals. For 
example, an AC SCM may connect to the terminals corresponding to DC 
point 1 (+) to DC point 2 (-), and another from DC point 3 (+) to DC 
point 4 (-). AC and DC SCMs can be mixed on the same card. 


AC SCMs output data is addressed to the odd-numbered (+) DC point 
register locations. If an even-numbered DC point register location is 
addressed which is connected to an AC SCM, there will be no output 
response. This should be kept in mind when mixing SCMs on the same card 
in order to facilitate the programming of sequential points. That is, 
position all the DC SCMs together and the AC SCMs together, unless there 
is some reason not to, such as combining DC and AC outputs with the same 
external strobe input. 


Be sure to identify the terminals of any two-point AC SCMs to prevent 
errors in field wiring and programming. 


10.5 FUNCTIONAL DESCRIPTION 


Figure 10-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25513A. 
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NOTE: ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 
ARE “WRITTEN TO” AND “READ FROM” AS LISTED IN THE 
READ REGISTER AND WRITE REGISTER BLOCKS. THE 


DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE REGISTERS (NOT SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS) 
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The 32 digital output points are provided in two fields identified as 
Field 1 and Field 2. Individual points of the two fields can be 
programmed separately. Each field consists of 16 points with an 
External Strobe input. The outputs connect to the external field wiring 
through the SCMs. 


The programmed states of the output field points (high or low levels) 
are stored in rank 1 of the Output Field Register and move to rank 2 
when internally or externally strobed. Rank 2 drives the output lines 
connecting to the field wiring. 


You exercise control of the card functions through writing and reading 
data to and from the various registers. The registers are identified 
and described under "Register Addressing" in Section III. 


10.5.1 Output Point Data 


You may write output point data either one point at a time to the 
appropriate output point register or 16 points concurrently as a field 
to the output field register. <A logic 1 closes the output switch, and a 
logic O opens (clears) clears it. 


Initially at "power on" or processor unit reset, all outputs will be 
open (clear); i.e., the data word in the output point registers will be 
all Os. 


For the 16-bit output field register, the 1 or 0 value of each bit is 
the data for the corresponding output point. The least significant bit 
corresponds with the lowest numbered point, the next least significant 
bit corresponds with the next to the lowest numbered point, etc. 


The output field (output point data) is moved through two stages (or 
ranks) of the Output Field Register to reach the output lines. This 
allows the time that the data reaches the output lines to be precisely 
controlled. | 


When the data is written, it is stored in the first rank as soon as the 
output command is executed but it is not necessarily transferred 


immediately to the second rank which drives the output switches. A 
measurement strobe or measurement strobe plus external strobe, depending 
on internal or external strobe programming, is required. The 


measurement strobe can be requested with the write command (write with 
measurement strobe) or it can be delayed (write without measurement 
strobe). Internal and external strobe timing is described below under 
"STATE TIMING." 


HP 255138 


Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). 


10.5.2 Status Readback 


Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). The 
read can be by the field or one point at a time. 


The Card Status Register contains "Strobe Wait for Data" bits. Bit 0 is 
for field 1 and Bit 1 is for field 2. When the bit is set, new data has 
entered the Output Field Register Rank 1. When the bit is clear, the 
new data has been strobed into rank 2. 


10.5.3 Timing 


10.5.3.1 Register Timing 


The registers are timed to operate serially at 1 microsecond per bit so 
that reads or writes to 16 points requires 16 microseconds. A backplane 
write and execution takes 16 shift cycles and one store cycle for a 
total time of 17 microseconds plus the backplane overhead time of 8 
microseconds (25 microseconds total). 


10.5.3.2 State Timing 


The internal or external strobe is selected on the card according to the 
conditions specified in the Card Configuration Register. The programmed 
condition for Field 1 is in the register's LSB (Bit 0), and for Field 2 
it is in the next LSB (Bit 1). The bits equal logic O for internal 
strobe and logic 1 for external strobe. 


The latching polarity of the external strobe is selected by the 
condition in Bit 8 for Field 1 and Bit 9 for Field 2 of the Card 
Configuration Register. Assuming the external strobe mode is 
programmed, then a Logic 1in bit 8 org9 of the card configuration 
register will cause the corresponding output field to be strobed to rank 
2 on the rising edge of the strobe. Similarly, a Logic 0 in these bits 
strobes on the falling edge. 
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When the external strobe mode is disabled, a "write with measurement 
strobe" stores new data in rank 1 and transfers it to rank 2 
immediately. <A "write without measurement strobe" stores new data in 
rank 1 but the transfer of data from rank 1 to rank 2 is delayed. 


Writing without a measurement strobe allows several cards to be set up 
with data, or several single channel changes to be madé in several 
writes, and then the output on all the cards can be changed 
simultaneously. 


With external strobe enabled, when a point or or field is set up with a 


"write with measurement strobe," the external strobe immediately 
following the internal measurement strobe will transfer the rank 1 data 
to rank 2 and the output. However, if the card is set up with the 


external strobe enabled and a "write without measurement strobe" is used 
to input new data into rank 1, the old state remains constant in rank 2. 
An internal strobe must activate the external strobe, then the next 
external strobe will move new data from rank 1 to rank 2. That is, 
external strobes must be preceded by an internal strobe to be effective. 


The examples shown in figure 10-3 show fields of data which are output 
with the card configured for both the internal strobe mode and external 
strobe mode with several conditions: 


The Configuration Register is written to, setting Bit O=O for 
Field 1 and Bit 1=0 for Field 2, and the external strobe for the 
field is disabled. Cycle 1 starts with a “write with measurement 
strobe" command and the transfer of data to the output is 
immediate. | 


Cycle 2 is a “write without measurement strobe" command, and the 
state is stored in rank 1, waiting for a strobe. Data 2 is output 
following the internal strobe which occurs in Cycle 3, since the 
data in rank 1 was not changed. 


The Configuration Register is written to, setting Bit O=1 and Bit 
1=1 for the selected field or fields, which enables the external 
strobe mode. 


Cycle 4 begins with a "write with measurement strobe" and Data 4 
is stored in rank 1. The stored data moves to Rank 2 and output 
on the following external strobe. 

Cycle 5 begins with a "write without measurement strobe" and Data 
5 is written into rank 1. The following external strobe has no 
effect on storing Data 5 in rank 2 since the internal strobe was 
omitted. In Cycle 6 the internal strobe is supplied, and. the 
following external strobe moves Data 5 into rank 2 and the output. 
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| EXTERNAL STROBE OFF | STROBE OFF wee EXTERNAL STROBE ON 
OCCURRENCE CYCLE 1;)CYCLE 2|CYCLE Se A|CYCLE 5|CYCLE 6 


*¥Write to Configuration Register Bit O. 


Write Config. 

Write Data ae 5 NONE 
Rank 1 Data 5 5 
Meas. Strobe coun NONE . 
Ext. Strobe . . 
Rank 2 Data 4 5 
Output A 5 


Figure 10-3. Outputs with Various Strobe Conditions 
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10.6 REGISTER ASSIGNMENTS 


Register assignments for the digital output card are shown in table 10-3. 
The digital output card reads no external inputs. 


The register addresses on pages 5 and 6 are the point output register 
addresses. Writing to these addresses will cause the corresponding 
output point to output the value of the lowest bit in the register (bit 
QO). Reading from these addresses will give the current output value of 
that point, which will be either 0 or l. 


The only addresses used on pages 9-12 are as shown. These addresses are 
for field outputs; writing to them will cause the written value to be 
output on points 1 through 16 for field 1, points 17 through 32 for field 
2; reading from them will give the current output value for the 
corresponding field. The least significant bit corresponds to the lowest 
numbered point in the field. 


The card configuration is used to configure the card for external strobe. 
The meaning of the bits is as follows. 


Bit Meaning 

9) Enable strobe for Field 1 

1 Enable strobe for Field 2 

2-7 Undefined 

8 If bit 0 is set, this bit controls which transition 
of the strobe to use. If bit 8 is set, the rising 
edge of the strobe is used. If bit 8 is clear, 
the falling edge of the strobe is used. 

9 Bit 9 controls the valid transition of the strobe 
for field 2 just like bit 8 does for field l. 

10-31 Undefined 


There are three meaningful bits in the card status register. If bit 0 is 
set, field 1 is waiting for an external strobe signal or an internal 
trigger. If bit 1 is set, field 2 is waiting for an external strobe or 
an internal trigger. If bit 15 is set, the card is busy. 
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TABLE 10-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 
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TABLE 10-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE | PAGE PAGE 10 PAGE ll PAGE 12 


FIELD l 
FIELD 2 


ONNDUBWD FE 


OND BWN FEF 


CARD CONFIG 
) 

CARD STATUS 
0 

CARD ID REG 
0 

0 

BIF 
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10.7. PIN ASSIGNMENTS AND CABLING 


Table 10-4 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
figure 3-11, at the end of Section III of this manual. 


Table 10-4. HP 25513A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 


178 ohm res 
Fld.2 Strobe 
Strobe Gnd. 
Pt. 17 + 
Pt... 17/ 
Pt. 18 
Pt. 18 
Pt. 19 
Pt. 19 
Pt. 20 
Pt. 20 
Pt. 21 
Pt. 21 
Pt. 22 
Pt. 22 
Pt. 23 
Pt. 23 
Pt. 24 
Pt. 24 


178 ohm res 
Fld.1 Strobe 
Strobe Gnd. 
Pt. 
Pt. 
PEs 
Pt. 
Pt. 
Pt. 


+ 


1,2 1,2 
3 3 
4 4 
1 1 
2 2 
3 3 
4 4 
1 il 
2 2 
2 3 
4 4 
1 1 
2 2 
3 3 
4 4 
1 i 
2 2 
3 3 
4 4 
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ae ae ae i As ae one a 
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R= 178 ohms 
NOT USED 
Pt. 25 + 
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The connection between the digital output card and the field wiring is 
made with one of two cables: 


HP 25550A (digital card cable with screw terminations) © 


HP 25550B (digital card cable, unterminated) 
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Section XI 
HP 25514A 16-Point Relay Output 


11.1 INTRODUCTION 


This section provides information for the HP 25514A 16-Point Relay 
Output card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and Start-Up Manual, part 
number 02250-90012. 


11.2) DESCRIPTION 


The HP 25514A, shown in figure 11-1, provides 16 points of single-pole, 
double-throw (Form C) relay contacts which are individually isolated. 
The relays on the card are controlled separately, and the card supplies 
relay coil power. The 16-relays form one field of 16 points which can 
be controlled by an external strobe. To provide arc suppression, Signal 
Conditioning Modules (SCMs) are optionally mounted on the card in 
parallel to the relay contacts and the I/O connectors. Kach SCM 
provides are suppression for up to four relays. SCMs are available for 
several AC and DC voltage ranges. 


The relays are rated for switching open-circuit voltages of up to 250 
VAC at 1.5A, 125 VAC at 3.0A, and 30 VDC at 2.0A. Operating times are 
less than 15 milliseconds. 


The relay output card is intended primarily for on/off switching of 


devices such as motor contactors, solenoid controllers, and power 
sources. 
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HP 25514A 16-Point Relay Output 


Figure 11-1. 
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11.39 SPECIFICATIONS 


Specifications for the HP 25514A are provided in table i1-1. 


Table 11-1. HP 25514A Specifications 


FRATURES 
16 channels of sealed Form C (SPDT) relays 
Relays can switch high (wet) or low (dry) current loads 
Switch 1.5A at 250 VAC 
3.O0A at 125 VAC 
2eOA at SO" VDC 


Relay coil power supply on card - designed to isolate switching 
noise 


SCMs supply transient suppression to protect relays and 
prevent noise 


Relays can be programmed individually or as a 16-bit field 
External strobe can synchronize output changes to external 
event 

APPLICATIONS 
Used to switch AC and DC loads on and off. Loads can be motor 
contactors, small motor pumps, heaters, lights, solenoids, and 


other loads using less than 1.5A at 250 VAC, 3A at 125 VAC, or 
PA at 30 VDC. 
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Table 11-1. HP 25514A Specifications (Continued) 


PROGRAMMING INFORMATION 
A logic one written to an output energizes the relay (i.e., 
Normally Open (NO) contacts close and Normally Closed (NC) 
contacts open) 


DO command: Write sequential digital outputs 


RDO command: Read sequential digital outputs 


FO command: Write sequential digital output fields (16 bits) 


RFO command: Read sequential digital output fields (16 bits) 


ELECTRICAL CHARACTERISTICS 
Maximum digital update rate from buffer: 
Sequential writes (point or field): 24 us/write 
Maximum operate time (opening or closing): 15 msec 


Maximum operate speed (see contact life data at end of this 
table): 10 - 30 eps 


Maximum contact resistance: 0.5 ohm, measured from field 
wiring screw termination block. 


Maximum carry current: 3.0A 


Maximum resistive break current: anh at 30: VDC 
3A at 125 VAC 
1-5A at 250 VAC 


Minimum breakdown voltages 1000 V VRMS between open contacts 
and between contact sets 
1500 V RMS between contacts and coils 


Maximum thermal offset: 100 uV at 25 degrees C 


Minimum insulation resistance: 100 megohm between NO contact and 
NC contact at 500 VDC, 
40 degrees C, 
95 € relative humidity 
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Table 11-1. HP 25514A Specifications (Continued) 


Maximum capacitance: 10 pF NC or NO to COMMON 
10 pF contacts to coil 


Crosstalk (Measured at the field wiring terminals with a 1 K ohm 
load): | 


Channel to channel: 85 db at 60 Hz 
65 db at 1 kHz 


NO to NC: 70 db at 60 Hg 
50 db at 1 kHz 


Hxternal strobe input: 


Mimimum pulse width: 400 ns + pulse width of external strobe 
SCM 


RELAY CONTACT LIFE 


i 


Mechanical Life: 10 operations 
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Table 11-1. HP 25514A Specifications (Continued) 


Relay Electrical Contact Life Versus Operating Conditions: 


NO. OF BREAK CARRY OPEN CIRCUIT 
OPERATIONS CURRENT CURRENT VOLTAGE 
AMPS AMPS VOLTS 


PHYSICAL CHARACTERISTICS: 
Width: 28.91 cm (11.38 in.) 


Depth: 34.8 cm (13.54 in.) 


Height: 3.5 cm (1.38 in.) 


Weight: 680 grams (1.5 lbs) 
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11.4 SIGNAL CONDITIONING 


Arc suppression and single point isolated and non-isolated signal 
conditioning modules (SCMs) used with the HP 25514A are listed in table 
141-2. Hach are suppression SCM contains arc suppression for both the NO 
and NC contacts of four relay points. The single point isolated and 
non-isolated SCMs are used for the External Strobe input. 


The SCMs are mounted on the card before the card is installed in the 
measurement and control unit. Install the SCM, with its component side 
up, by aligning the guide holes in the SCM to the guide pins on the HP 
25514A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Refere to the HP 2250 Installation and Start-Up 
Manual, part number 02250-90012, for further information on installing 
an SCM. 


11.5 RELAY CONTACT RATINGS 


Operation should not exceed the relay contact ratings listed in table 
9-1. Note the different ratings for AC and DC circuits. 


Warning 
Do not apply opposite polarities (+ and -) to a pair 
of NC and NO contacts, because arcing upon switching 


may momentarily short between the NO and NC 
contacts. 
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Table 11-2. SCMs Available for Use with the HP 25514A 


PRODUCT NUMBER : DESCRIPTION 


25991. 


292218 


25531) 
299915 
e299:0%K 
255311 


295558 
2553350 
26 9p oo Wo BY 
255335 
299292 
255355G 


eo OD DH 
25555I 


2a8 ogc. 
290798 
255 39G 
25559H 
25559 


20545N 


2o544A 
205448 
25544C 


25545P 


5 VDC Non-Isolated Source Strobe 
12 VDC Non-Isolated Source Strobe 
24 VDC Non-Isolated Source Strobe. 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 

12 VDC Non-Isolated Sink Strobe 


5 VDC Isolated Strobe 
12 VDC Isolated Strobe 
24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
72 VDC Isolated Strobe 
120 vVDC/72 VAC Strobe 
115 VAC Strobe 

230 VAC Strobe 


Relay Arc Suppression Breadboard 
3Q VDC Load Relay Arc Suppression 
24 VAC Load Relay Arc Suppression 
115 VAC Load Relay Arc Suppression 
230 VAC Load Relay Arc Suppression 


60 VDC/42 VAC Isolated Output 


Open Drain, Non-Isolated Output 
5 VDC Non-Isolated Output 
12 VDC Non~Isolated Output 


115 VAC Isolated Output 
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11.6 RELAY OPERATING PRACTICE 


For maximum relay life, observe good practice in relay operation; i.e., 
a relay operated with wet current (appreciable current through contacts) 
should not be later operated at dry current (insignificant current 
through contacts). Also, loads which have significant capacitance or 
inductance should employ are suppression to prevent premature contact 
failure. Loads connected to the relay through a long cable should be 
considered inductive. 


11.7 FUNCTIONAL DESCRIPTION 


Figure 11-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25514A. 

The processor unit "writes" relay output instructions to the card in one 
of two ways: one point at a time, or asa field of 16 points. The 
output field is sent as a field of 16 bits on all backplane lines, and 
Single point data is sent on line D1. 


The programmed states of the output relays (high or low logic levels) 
are stored in rank 1 of the Output Storage Registers and move to rank 2 
when strobed. The rank 2 state is input to the 16 Relay Drivers. The 
drivers activate corresponding output relays. The output state can be 
read by the processor unit from rank 2. 


You exercise control of the card functions through writing and reading 
data to and from the various registers. The registers are identified 
and described in Section III under "Register Addressing." 


11.7.1 Output Relays 


There are 16 Relay Drivers connected one-for-one to each bit of the 
Output Register. When a bit is "true", the associated relay is 
energized. They are connected so that Output Relay 1 is controlled by 
the least significant register bit and Relay 16 is controlled by the 


most significant register bit. 
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NOTE: ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 
ARE “WRITTEN TO” AND “READ FROM” AS LISTED IN THE 
READ REGISTER AND WRITE REGISTER BLOCKS. THE 


DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE REGISTERS (NOT SIGNAL FLOW THROUGH CIRCUIT 


BLOCKS). CARD REGISTERS: 


CARD STATUS 


CARD IDENTIFICATION 
CARD CONFIGURATION 


CHANNELS 
1-8 


RANK 2 OUTPUT 


STORAGE 
eee REGISTERS: 
HIVERS OUTPUT FIELD 


OUTPUT CHANNELS 


SUPPRESSION 
SIGNAL 
CONDITIONING 
MODULES. 

4 CHANNELS 
PER MODULE 


EXT. STROBE STROBE SELECTOR 
DETECTOR 

REGISTER: 
REGISTER: CARD 
CARD CONFIG- CONFIGURATION 


1/O CONNECTOR MODULES (TO FIELD WIRING) 


URATION 


SIGNAL 
CONDITIONING 
MODULE. 

SINGLE POINT 


2250-99L 


RANK 1 OUTPUT 
STORAGE 
REGISTERS: 
OUTPUT FIELD 


OUTPUT POINTS 


READ REGISTERS 
OUTPUT FIELD: 
RANK 2 
OUTPUT POINTS: 
RANK 2 
CARD CONFIGURATION 
CARD STATUS 
CARD IDENTIFICATION DATA 


D1-D16 


WRITE REGISTERS 

OUTPUT FIELD: 
RANK 7 

OUTPUT POINTS: 
RANK 1 

CARD CONFIGURATION 


e ADDRESSING CONTROL 


e TIMING ee 
e CONTROL 


e HANDSHAKE 


AC POWER 


POWER 
SUPPLY 


+12 VDC 


Figure i1-2. HP 25514A Functional Block Diagram 
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Relays with unenergized coils have their NO (Normally Open) contacts 
open, and their WNC (Normally Closed) contacts closed. When energized, 
the relays switch to the opposite state. Initially at power on or 
processor unit reset, all relays will be deenergized; i.e., the data 
word in the output storage register will be all Os. 


11.7.2 Output Registers 


There are two ranks for output field registers. Each rank has 16 bits 
corresponding to the 16 output relays. The relay state data written 
into rank 1 is moved to rank 2 so that the time of relay change can be 
precisely controlled. 


Rank 1 state may be changed by a write command with new data. The data 
will be entered differently according to whether the controller called 
for a field change or a single point change. For a field change, all 16 
points are represented in the data; i.e-, all 16 bits in the output 
field are moved into rank i. For a single point write, one bit is 
loaded into the rank 1 point addressed by the command. 


When the data is written, it is stored in the first rank as soon as the 
output command is executed but it is not necessarily transferred 


immediately to the second rank which drives the output relays. A 
measurement strobe or measurement strobe plus external strobe, depending 
on internal or external strobe programming, is required. The 
measurement strobe can accompany the write command (write with 


measurement strobe) or it can be delayed (write without measurement 
strobe). Internal and external strobe timing is described below under 
State Timing. 


11.7.3 State Readback 


Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). The 
read can be by the field or one point at a time. Because no shifting is 
required for a read, a subsequent instruction is never delayed. 


The Card Status Register contains a "Strobe Wait" bit (Bit 0) which is 
set when new data has entered Output Field Register Rank 1, and clear 
when the new data has been strobed into Rank 2. 
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11.7.4 Timing 


11.7.4.1 Register Timing 


The card backplane overhead time (the time is takes to latch data in the 
card's input buffers and a handshake) takes a minimum of 10 
microseconds. Additional time is used to store data into the output 
storage registers, so that the total time to move new data into the 
output rank 1 adds up to 24 microseconds. Since the output relays take 
up to 15 milliseconds to open or close, the backplane plus card delay 
time is insignificant. 


If the card is addressed after it has accepted new data and before the 
data is stored in rank 1 of the output storage register, it will hold 
off the request until it is ready. 


11.7.4.2 State Timing 


In this discussion, an internal strobe refers to the internal 
measurement strobe, and an external strobe refers to an external 
measurement strobe provided by the user. These strobes are used for 
measurement timing as distinguished from other timing signals. 


The external strobe is enabled on the card by writing a logic 1 into the 
LSB (Bit 0) of the Card Configuration Register. 


The polarity of the external strobe is selected by the condition in Bit 
8 of the Card Configuration Register. Assuming the external strobe mode 
is enabled, then a Logic 1 in bit 8 of the card configuration register 
will cause the output field to be strobed from rank 1 to rank 2 on the 
rising edge of the external strobe. Similarly, a Logic 0 in this bit 
strobes on the falling edge. 


When the external strobe is disabled, a "write with internal strobe" 
stores new data in rank 1 and transfers it to rank 2 immediately. A 
"write without internal strobe" stores new data in rank 1 but the 
transfer of data from rank 1 to rank 2 is delayed until an internal 
strobe occurs. 


Writing without an internal strobe allows several cards to be set up 
with new data, or several single channel changes to be made in several 
writes, and then the outputs on all the cards can be changed 
simultaneously. 
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With external strobe enabled, when a point or field is set up with a 
"write with internal strobe," the external strobe immediately following 
the internal strobe will transfer the rank 1 data to rank 2 and to the 
output. 


However, if the card is set up with the external strobe enabled and a 
"write without internal strobe" is used to input new data into rank 1, 
the old state remains constant in rank 2. An internal strobe must 
activate the external strobe, then the next external strobe will move 
new data from rank 1 to rank 22 That is, an external strobe must be 
preceded by an internal strobe to be effective. 


The examples in figure 11-3 show fields of data which are output with 
the card configured for both the internal strobe mode and external 
strobe mode with several conditions: 


The Configuration Register is written to, setting Bit O=0O, and the 
external strobe is disabled. Cycle 1 starts with a "write with 
internal strobe" command, and the transfer of Data 1 to the output 
is immediate. 

Cycle 2 begins with a "write without internal strobe" command, and 
the state is stored in rank 1, waiting for a strobe. Data 2 is 
output following the internal strobe which occurs in Cycle 3, 
Since the data in rank 1 was not changed. 


The Configuration Register is written to, setting Bit O=1 which 
enables the external strobe. Cycle 4 begins with a "write with 
internal strobe" and Data 4 is stored in rank 1. The stored data 
moves to rank 2 and output on the following external strobe. 


Cycle 5 begins with a "write without internal strobe and Data 5 is 
written into rank 1. The following external strobe has no effect 
on storing Data 5 in rank 2 since the internal strobe was omitted. 
In Cycle 6 the internal strobe is supplied, and the following 
external strobe moves Data 5 into rank 2 and the output. 
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OCCURRENCE 


WRT] EXTERNAL STROBE OFF EXTERNAL STROBE ON 
% * | 

CYCLE 1;/CYCLE 2/CYCLE 3) [CYCLE 4A/CYCLE 5/CYCLE 6 
: 


a NONE 
2. i 2 
NONE : 
1 a 
1 2 


*Write to Configuration Register Bit 0. 


Write Config. 
Write Data 
Rank 1 Data 
Meas. Strobe 
Ext. Strobe 
Rank 2 Data 
OUT DUE 


Figure 11-3. Examples of Output with Various Strobe Conditions 
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11.8 REGISTER ASSIGNMENTS 


Register assignments for the relay output card are shown in table 11-3. 
The relay output card reads no external inputs. 


The register addresses on page 5 are the point output register addresses. 
Writing to these addresses will cause the corresponding output point to 
output the value of the lowest bit in the register (bit 0). Reading from 
these addresses will give the current output value of that point, which 
will be either 0 or l. 


The only address used on pages 9-12 is as Shown. This address is for 
field output; writing to it will cause the written value to be output on 
points 1 through 16; reading from it will give the current output value 
for the field. The least Significant bit corresponds to the lowest 
numbered point in the field. 


The card configuration is used to configure the card for external strobe. 
The meaning of the bits is as follows. 


Bit Meaning 


0 Enable strobe for Field 1 

1-7 Undefined 

8 If bit 0 is set, this bit controls which transition 
of the strobe to use. If bit 8 is set, the rising 
edge of the strobe is used. If bit 8 is clear, 
the falling edge of the strobe is used. 

9-31 Undefined 


There are two meaningful bits in the card status register. If bit 0 is 
set, field 1 is waiting for an external strobe signal or an internal 
trigger. If bit 15 is set, the card is busy. 


Ti=15 
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TABLE 11-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


OnNNOMN BW DN KE 


1 
2 
3 
4 
5 
6 
7 
8 
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DIGITAL OUTPUT REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


PAGE | PAGES PAGE ) PAGE 10 PAGE | PAGE 110 PAGE | PAGE 120 


ey PP - 


OnHNU&S WD FH 


On OM BW DH FE 


CARD CONFIG 


0) 

CARD STATUS 
0 | 
CARD ID REG 
) 

0 

BIF 


Lil=i7 
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11.9 PIN ASSIGNMENTS AND CABLING 


Table 11-3 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
figure 3-ll, at the end of Section III of this manual. 


Table 11-3. HP 25514A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION CONNECTOR 


CONNECTOR 
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1,2 R=196 ohm ; R=196 ohm 

3 Strobe Gnd. 3 NOT USED 

4 Fld.1 Strobe 4 NOT USED 

1 NO1 1 NO9 

2 COM1 2 COM9 

3 NC] 3 NC9 

4 COM1 4 COM9 

a NO2 1 NO1O 

2 COM2 2 COM10 

3 NC2 3 NC10 
4 COM2 4 COM10 
1 NO3 i NOl] 
2 COM3 2 COM11 
3 NC3 3 NCll 

4 COM3 4 COM11 
a NO4 ue NO12 

2 COM4 2 COM12 

3 NC4 3 NC12 

4 COM4 4 COM12 

‘ AcgZ R=196 ohm 

; 3,4 N.C. 
i] l NO13 

2 2 COM13. 
3 3 NC13 

4 4 COM13 
1 i NO14 

2 2 COM14 

3 3 NC14 

4 4 COM14 

1 1 NO15 

2 2 COM15 

3 3 NC15 

4 4 COM15 

1 1 NO16 

2 2 COM16 

3 3 NC16 

4 4 COM16 
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The connection between the relay output card and the field wiring is made 
with one of two cables: 


HP 25550A (digital card cable with screw terminations) 


HP 25550B (digital card cable, unterminated) 
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Section XII 
HP 25516A 16-Point Digital Multifunction 


12.1 INTRODUCTION 


This section provides information for the HP 25516A 16-Point Digital 
Multifunction card. Included are specifications and a functional 
description. Installation information for the card is provided in the 
HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 


12.2 DESCRIPTION 


The HP 25516A, shown in figure 12-1, provides 16 digital input points 
and 16 digital output points. The input points will detect input events 
and scale them according to programmed conditions. When the conditions 
are met, the processor unit is notified through an interrupt if the 
point is unmasked. ‘ 


The conditions of the: 76 anput points for scaled events are 
independently defined. The conditions include direction of level change 
and the number of events per interrupt. All the event detection 


conditions, the input states anda record of interrupting points are 
stored in registers which can be read by the processor unit. 


The storage of the input states for reading is timed by either an 
internal strobe signal, or by both the internal strobe and a 
user-supplied external strobe. 


The 16 output points are individually programmable for controlling 


external events. Output data timing is determined by the internal 
strobe signal (there is no external strobe for output points). 
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HP 25516A 16-Point’ Digital Multifunction 
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Figure 
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Signal Conditioning Modules (SCMs) match external input and output 
conditions to the card requirements. (See the paragraph "SIGNAL 
CONDITIONING." ) 


12.3.9 SPECIFICATIONS 


Specifications for the HP 25516A are provided in table 12-1. 


Table 12-1. HP 25516A Specifications 


FEATURES 


Event prescaling or totalizing to 256, independently 
programmable on each input point 


Paced mode 

Wide range of signal conditioning 
16 digital input points 

16 digital output points 


Point status and event sensing with programmable mask, 
sense, and sense override registers 


External strobe 


Two ranks of output storage 


APPLICATIONS 


Monitors the state of mechanical or electronic switches, AC or DC 
coil/winding power on relays/motors, and instruments and transducers 
with digital outputs. 


Interrupts the processor unit upon occurrence of user-defined 
(programmable) events. 


Scales and totalizes events. 


Provides state switching of AC/DC loads. 
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Table 12-1. HP 25516A Specifications (Continued) 


PROGRAMMING INFORMATION 
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ELECTRICAL CHARACTERISTICS 


DO command: Write sequential digital outputs 
FO command: Write sequential output fields 

DI command: Read sequential digital inputs 

FI command: Read sequential input fields 

RDO command: Read sequential digital outputs 
RFO command: Read sequential output fields 
COUNT command: Read current counts 

PRESET command: Write multifunction counter preset 
RPRESET command: Read counter preset 

INT command: Digital input interrupt eoueions 
ROLL command: 7 Set multifunction counter rollover 
SENSE commands: _ Define interrupt transition sense 
SOVER command: Override transition sense for interrupts 


Minimum detectable input pulse width (external strobe input): 
Minimum detectable input pulse width (other inputs): - 

Minimum setup time of data with respect to active strobe edge: 0 
Minimum hold time of data with respect to active strobe edge: 16 us 
Note that in order to determine overall card specifications, those 
of the particular SCM used must be considered. For example, using 
the HP 25545 Non-Isolated Digital Input SCM with minimum and 


maximum propagation delays of O and 28 usec, respectively 
(without the filter), the overall minimum detectable input pulse 


width for the external strobe input becomes 28 usec + 1 usec = 


29 usec. This is for the worst case in which the propagation delay 
in one direction is O and in the other direction is 28 usec. 
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Table 12-1. HP 25516A Specifications (Continued) 


PHYSICAL CHARACTERISTICS 


Width: 28.91 cm (11.38 in.) 


Depth: 34.8 em (13.54 in.) 


Height: 3.5 em (1.38 in.) 


Weight: 680 grams (1.5 lbs) 


12.4 SIGNAL CONDITIONING 


Signal conditioning modules (SCMs) determine the number of points per 
I/O connector module, and the number of points available. SoMsS for De 
outputs contain four points, and SCMs for AC outputs contain two points. 
(AC SCMs divide the number of available points by two.). Both AC and DC 
SCMs can be installed on the same card. Table 12-2 lists SCMs used with 
the HP 2557 6A. Additional information on the SCMs is contained in 
Sections III and XIV. 


On the output field, there are two terminals per point, which differ in 
location on the I/0 connection modules according to whether it is an AC 
or a DC point. The terminals for DC points may be used for reference in 
location terminals for AC points. 


DC SCMs have plus and minus connections (the minus connection is ground 
in non-isolated SCMs), and AC SCMs have two non-polarized terminals. 
The AC terminal pairs correspond with the odd-numbered plus (+) DC 
terminals and the even-numbered minus (-) DC terminals. For example, an 
AC SCM may connect to the termnals corresponding to DC point 1 (+) to DC 
point 2 (-), and another from DC point 3 (+) to DC point 4 (-). AC and 
DC SCMs can be mixed in the same field. 


AC SCMs output data is addressed to the odd-numbered (+) DC point 
register locations. If an even-numbered DC point register location 
addressed which is connected to an AC SCM, there will be no output 
response. This should be kept in mind in order to facilitate the 
programming of sequential points; i.e.-, group the AC and DC SCMs 
together. Be sure to identify the terminals of any two-point AC SCMs to 
prevent errors in field wiring and programming. 
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Table 12-2. SCMs Available for Use with the HP 25516A 


PRODUCT NUMBER DESCRIPTION 


He 
Ar 
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HP 
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rea oo om a 
£29 2VU 
250901) 
2092 \2 
BO 0D We 
rae Ie ine 


200028 
ZID9OG 
Las hs po ee 
eels go. 
202928 
29955G 
eS se ee | 
Lael Oy) 


290908 
222200 
290950 
209090" 
ZI 079% 
a2 200% 


2097 te 
2553°7Q 
ZO 00 TR 


LOD [oe - 


A292 (1 
299910 
200045. 
2292 10 


5 VDC Non-Isolated Source Strobe 

12 VDC Non-Isolated Source Strobe 
24 VDC Non-Isolated Source Strobe 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 

12 VDC Non-Isolated Sink Strobe 


5 VDC Isolated Strobe 
12 VDC Isolated Strobe 
24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
T2 VDC Isolated Strobe 
120 VDC/72 VAC Strobe 
115 VAC Strobe 

250"VAC Strope 


5 VDC Non-Isolated Source Input 
12 VDC Non-Isolated Source Input 
24 VDC Non-Isolated Source Input 
48 VDC Non-Isolated Source Input 
5 VDC Non-Isolated Sink Input 
12 VDC Non-Isolated Sink Input 


5 VDC Isolated Input. 

2 VO. tsolated Input | 

24 VDC/16 VAC Isolated Input 
48 VDC Isolated Input 

72 VDC Isolated Input 

120 VDC/72 VAC Isolated Input. 
115 VAC Isolated Input 

2350 VAC Isolated Input 
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Table 12-2. SCMs Available for Use with the HP 25516A (Continued) 


25539A Relay Arc Suppression Breadboard 
2553598 30 VDC Load Relay Arce Suppression 
25539G 24 VAC Load Relay Arc Suppression 
255598 115 VAC Load Relay Arc Suppression 
25539d 250 VAC Load Relay Are Suppression 


25543N 60 VDC/42 VAL Isolated Output 


CO544A Open Drain, Non-Isolated Output 
255445 5 Vdc Non-Isolated Output 
255440 12 VDC Non-Isolated Output 


BP 25545.P 115 VAC Isolated Output 


The ID for the HP 25516A card is decimal 16. This number is contained 
in Card Register 253 and may be read as data when addressed. 


SCMs must be mounted on the card before it is installed into the 
processor or expander card frame. Install the SCM, with its component 
Side up, by aligning the guide holes in the SCM to the guide pins on the 
HP 25516A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Refer to the HP 2250 Installation and Start-Up 
Manual, part number 02250-90012, for further information on installing 
oCMs. 


12.5 FUNCTIONAL DESCRIPTION 


Figure 12-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25516A. 
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ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 
ARE “WRITTEN TO” AND “READ FROM” AS LISTED IN THE 


READ REGISTER AND WRITE REGISTER BLOCKS. THE 


DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE placed (NOT SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS). 
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POINTS 1 TO8 


POINTS 9 TO 16 


EXT. STROBE 


POINTS 1 TO8 


POINTS 9 TO 16 


2250-102L 


INPUT SIGNAL 
CONDITIONING 
MODULES 


POINTS 1TO4 


POINTS 6 TO 8 
POINTS 9 TO 12 
POINTS 13 TO 16 


EXT. STROBE 


OUTPUT SIGNAL 
CONDITIONING 
MODULES 


POINTS 1 TO 4 
POINTS § TO8 


POINTS 9 TO 12 


POINTS 13 TO 16 


INPUT 
BUFFERS 


EXT. STROBE 


OUTPUT 
DRIVERS 


EVENT DETECTOR 
REGISTERS: 
INPUT SENSE 
SENSE OVERRIDE 


INPUT STATE 
STORAGE 
REGISTERS: 
INPUT POINT 
INPUT FIELD 


READ PRESENT 
INPUT STATES 


EVENT COUNTERS 
{SCALE/TOTAL E) 
REGISTERS; 

EVENT COUNT 
COUNTER PRESET 
COUNTER ROLLOVER 


STROBE SELECTOR 
REGISTER: 


CARD 
CONFIGURATION 


RANK 2 OUTPUT 
STORAGE 
REGISTERS: 
OUTPUT POINTS 
OUTPUT FIELD 


INTERRUPT 
FLIP-FLOP 


UNMASK GATES 

& EVENT STORAGE. 
REGISTERS; 
UNMASK 

INPUT INTERRUPT 


CARD REGISTERS 
CARD STATUS 

CARD ID 

CARD CONFIGURATION 


RANK 1 OUTPUT 
STORAGE 
REGISTER: 
OUTPUT POINTS 
OUTPUT FIELD 


READ REGISTERS 

INPUT POINTS 

OUTPUT POINTS: RANKS 1 & 2 
EVENT COUNT 

COUNTER PRESET 

INPUT FIELD 

OUTPUT FIELD: RANKS 1 & 2 
INPUT SENSE 

SENSE OVERRIDE 

UNMASK 

COUNTER ROLLOVER 
INPUT INTERRUPT 

CARD CONFIGURATION 
CARD STATUS 

CARD IDENTIFICATION 


WRITE REGISTERS 
OUTPUT POINTS: RANK 1 
COUNTER PRESET 
OUTPUT FIELD: RANK 1 
INPUT SENSE 

SENSE OVERRIDE 
UNMASK 

COUNTER ROLLOVER 
CARD CONFIGURATION 


e ADDRESSING 
¢ TIMING 

¢ CONTROL 

¢ HANDSHAKE 


POWER SUPPLY 


DATA 
D1-D16 


CONTROL 


ENABLE 
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The card has a field of 16 digital input points with an external strobe, 
and a field of 16 digital output points. The inputs and outputs connect 
to the external field wiring through signal conditioning modules (SCMs). 


For the output field, the programmed states of the points (high or low 
levels) are stored in Rank 1 of the Output Field Register and are moved 
to Rank 2 when internally strobed. Rank 2 drives the output lines. 


The present states of the input points may be read at any time. [In 
addition to monitoring the present states, the input points 
independently detect events by comparing the past states with the 
present states, and determining if any state has changed in a selected 
direction. (For example, low levels changed to high, or high levels 
changed to low.) Events for each point are counted with a presettable 
counter. When the counter overflows, if the point is "unmasked," its 
corresponding bit in the Interrupt Register will be set and an interrupt 
Signal will be sent to the processor unit. 


The interrupt record of scaled events for the input points is saved 
until read by the processor unit, which resets the record to zero and 
clears the interrupt signal. 


Figure 12-2 also shows every user-accessible card register which affects 
the data flow. The following description covers the function of each 
register in the overall operation of the card. You exercise control of 
the card functions through writing and reading data to and from the 
various registers. The registers are identified and described in 
Section III under "Register Addressing." 


12.5.1 Output Point Data 


You may write output point data either one point at a time to the 
appropriate output point register, or 16 points concurrently as a field 
to the output field register. A logic 1 closes the output switch, and a 
logic O opens (clears) it. The data word in the output point registers 
is all Os when all points are clear. Initially at "power on" or 
processor unit reset, all outputs will be open (clear). | 


For the 16-bit output field register, the 1 or O value of each bit is 
the data for the corresponding output point. The least significant bit 
corresponds with the lowest numbered point, the next least significant 
bit corresponds with the next to the lowest numbered point, etc. 
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The output field (output point data) is moved through two stages (or 
ranks) of the Output Field Register to reach the output lines. When the 
data is written, it is stored in the first rank as soon as the command 
is transmitted but it is not necessarily transferred immediately to the 
second rank. The second rank drives the output switches. An internal 
strobe is required to transfer the data to the second rank. The 
internal strobe normally is issued at the same time that ‘data transfers 
to the card; thus, the data normally goes immediately to the second rank 
of storage which drives the output switches. | 


However, the internal strobe can be delayed by requesting a "write 
without internal strobe." Transfer takes place only when the delayed 
internal strobe occurs. This method of programming allows several cards 
to be set up with data in the first rank, and then the output on all the 
cards can be changed simultaneously. The delayed strobe also allows the 
contents of the first rank to be read for error checking before transfer 
to the output. 


Output data is written to the card as a single word. However, the 
output registers may be read as one- or two-word registers. A one-word 
register read returns the contents of the second rank (the output 
states). A two-word register read returns the contents of the second 
rank in word one and the contents of the first rank in word two. 


As noted previously, the output lines connect to the field wiring 
through AC and DC SCMs. AC SCMs cover two points each and DC SCMs cover 
four points each. | 


12.5.2 Input Point Data 


Inputs from the field wiring enter the card through SCMs. Bach input 
SCM accomodates four contiguous points and four modules to cover the 
16-point field. SCMs are selected to match signal levels, and to 
provide signal isolation, if desired. several different types and 
ranges may be selected (see table 12-2). 


An external strobe can be employed to determine when the input states 
will be stored in the Input State Storage Registers. Thus, you can 
ensure that only valid data is being input after external adjustments 
have been made. The input voltage on each point at the moment a strobe 
occurs becomes the current or present state of that point. The external 
strobe is used only for reading the input states and has no effect on 
event detection. Event detection is performed by an independent circuit 
that samples the input state every 16 microseconds. Nothing is allowed 
to interfere with this sampling. 
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Whether or not the external strobe is used to specify when inputs are 
valid, the time at which the valid inputs are read is determined by an 
internal strobe. This internal strobe is normally issued at the time of 
the read command; however, it can be delayed in order to set up several 
cards to be read at the same time. The cards are read when they are 
strobed concurrently. 


12.5.3 Status Readback 


The Card Status Register contains a "Strobe Wait" bit (Bit 0). When 
this bit is set, it indicates that the previous data has been read and 
the field is ready to receive new data. When this bit is clear, the 
card has previous input data which has not been read. 


12.5.4 Event Detection 


An event occurs when an input changes state either ina specified 
direction (sense register), or both directions (sense override 
register). Events are accumulated by a counter. When the counter 
overflows on an unmasked point, the occurrence is recorded in the 
Interrupts Register. If it is the first event in a series (the register 
was previously cleared) an interrupt goes to the processor unit. 


Each of the 16 Preset and Count Registers contain data for one of the 16 
points, The event detection registers contain one bit of information for 
each of the 16 points. The event detection registers are the following: 


SENSE REGISTER: Selects one of two directions for events. 


SENSE OVERRIDE REGISTER: Allows both directions for events when 
set. 


EVENT COUNT REGISTERS: Contains value of 256 minus the number of 
events remaining before the count overflows (16 registers). 


COUNTER PRESET REGISTERS: Contains preset value for corresponding 
event counter (16 registers). 


ROLLOVER REGISTER: Each bit directs corresponding event counter to 
either rollover to zero or jump to preset value when it overflows. 


UNMASK REGISTER: Selects which points may cause an interrupt. 
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INTERRUPTS REGISTER: Records which unmasked points reached the 
prescribed number of events. , 


An input change is detected by examining each input, in sequence, every 
16 microseconds to determine if the present state differs from the past 
state. The event detector compares the direction of change with the 
desired direction of change as specified in the Sense Register and Sense 
Override Register. The sense bit is a logic 1 for a low-to-high change 
to be an event, anda logic O for a high-to-low change to be an event. 
Thus if the changed point has a present state of 1 and the sense is 1, 
the change was from low-to-high and the sense is correct for an event. 
Conversely, if the changed point has a present state of O and the sense 
is 0, the change was from high-to-low and the sense is correct for an 
event. Opposite changes will not result in events. 


If the corresponding bit in the Sense Override Register is set toa 
logic 1, the effect of the sense bit will be cancelled so that all 
changes will qualify as events. To summarize, if either the sense 
override bit is set or the present state is the same as the sense bit, 
an event has occurred if the present state differs from the past state. 


12.5.5 Event Counting and Scaling 


There is an independent counter for each of the 16 input points to scale 
events. They count either from zero or a preset value up to 255. After 
another count a counter's next number depends on the contents of the 
Counter Rollover Register which sets up the "totalize" mode or 
"prescale" mode. 


The "prescale" mode should be selected for repeatedly counting the same 
number of events on a point; i.e., the counter automatically restarts at 


the preset value as soon as the selected count is reached. The 
"totalize" mode should be selected if automatic restart at the preset 
value is not wanted. In the "totalize" mode, the counter continues 


counting up from zero, thus keeping a record of the number of additional 
events that occur. 


The "prescale" mode is selected for a counter when a bit corresponding 
to its input point in the 16-bit Rollover Register is 1. When a number 
is written into a Counter Preset Register, the corresponding counter is 
preset with that value, which is equal to 256 minus the desired number 
of counts to qualify as a scaled event. After the desired number of 
counts, the counter jumps to the preset number and sends a "scaled 
event" bit to the Unmask Gates and Events Storage circuit. 
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The "“totalize" mode is selected for a counter when a bit corresponding 
to its input point in the 16-bit Rollover Register is a logic low (0). 
In this mode, the count starts from a preset number which was stored in 
a corresponding Counter Preset Register from a previous write. When the 
count reaches 255, the next count will always rollover to O and continue 
counting events. When the counter rolls over, it sends a "scaled event" 
bit to the Unmasked Gates and Events Storage circuit. 


12.5.6 Unmasking Scaled Events 


When a "scaled event” bit for an input point is generated in one of the 
counters, it is checked with a bit in the Unmask Register. The Unmask 
Register is a 16-bit register with bits corresponding to the input 
field. If the bit is (1), the point is "unmasked" and the bit is passed 
through and recorded for that point in the Interrupt Register. If the 
bit is (0), the point is "masked" and the scaled event bit is not passed 
through. 


12.5.7 Interrupt Recording 


A scaled event bit is stored in the Interrupt Register if it is the 
first one after a register reset to zero. If a bit for that point is 
already stored, nothing is changed by another scaled event bit. The 
first scaled event for any point after a reset to zero will set the 
Interrupt Flip-Flop which notifies the processor unit, through the 
function card backplane, that a scaled event has occurred. The card's 
Interrupt Enable bit must be set in order for the interrupt to propagate 
through to the processor unit. 


Both the Interrupt Register and Interrupt Flip-Flop are reset, or 
cleared, when the Interrupt Register is read. The clearing is done in 
such a way that any scaled event occurring during the read and clear 
will not be lost. It will either be included in the simultaneously 
occurring read, or it will be stored in the register for the next read. 


12.5.8 Event Detection 


An event will be detected according to the summary shown in figure 12-3. 
The figure shows changes in input signal level versus corresponding 
register bits, and whether an event resulted. 
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ENP ET SENSE SENSE BHVENT 
SIGNAL OVERRIDE 
pot fo — 


Figure 12-3. Event Detection Summary 


12.5.9 Event Scaling 


For the following example, assume the following: 
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Conditions: 


Interrupt after every third event on point 1 (prescale), and 
interrupt after the fourth event on point 2 but not after the 
subsequent events on that point (totalize). 


yet Up: 


Set point 1 to prescale mode (rollover bit 1= 1), enter preset 253 
into Counter Preset Register 1. Set. point 2 to totalize mode 
(rollover bit 2= 0), enter preset 252 into Counter Preset Register 
2 ‘ ; : 
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Operation: 


1. Point 1 counter will count from 25%3. The third count will 
generate a scaled-event bit to the interrupt register, jump 
back to 253, and repeat every three event counts. 


25. Point 2 counter will count from 252. The fourth count will 
generate a scaled-event bit to the interrupt register, and 
roll over to zero. It will not roll over again until 256 
additional events are counted. 


The above operation is illustrated below: 


Point 1: 
Input 

Count 

scaled Event 


Point 2: 
Input 

Count 

scaled Event 


If one or more scaled events are recorded on a single point between 
readings of the Interrupt Register (resets to zero), no record is 
available of how many such events occurred. However, there is a record 
of what points of the field of 16 have had one or more events since the 
last reading. 


12.5.10 Timing 


12.5.10.1 Input Timing 


The Card Configuration Register is used to select either the 
non-external mode or external strobe mode and the strobe polarity. Bit 
O determines the strobe mode where a logic 0 selects the "non-external 
strobe’ mode and logic 1 selects the "external strobe" mode. The 
external strobe polarity is selected by Bit 8 where logic 1 latches the 
input states on the rising edge of the strobes, and logic O latches the 
inputs on the falling edge of the strobes. 
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There are two program variations for strobes to input data, store it in 
a register, and read it. This is to provide commands to "read with 
internal strobe" or "read without internal strobe" for immediate or 
delayed data reading, respectively. 


Figure 12-4 illustrates the non-external strobe mode where the internal 
strobe stores the input data. As in cycle 1, every time there is an 

internal strobe and a read command together (read with internal strobe), 
the present data is returned as valid data. As in cycle 2, when the 
internal strobe is omitted (read without internal strobe) the previous 
data (cycle 1) is returned since no new data was stored. The “read 
without internal strobe" will cause data to be input on the next 
internal strobe but from then on the internal strobe is disabled until 
the stored data is read, as shown in cycles 3 through 5. The internal 
strobe is reenabled for cycle 6 since the data was read in cycle 5. 
Optionally, cycle 6 may have a "read with internal" strobe to return 
data immediately, or the read command may be omitted for delayed reading 
as shown. 


When a field or point has been configured to the external strobe mode, 
the operation is similar to the non-external strobe mode, described 
above, except that the external strobe substitutes for the internal 
strobe to input data. External strobe operation is illustrated in 
figure i2-5. 


In cycle 1 there is an external strobe and data is input. This data is 
read using the "read with internal strobe" command. In cycle 2 data is 
input with the external strobe but this time a "read without internal 
strobe" command is used. Therefore, the next external strobe inputs 
data as shown in cycle 3, and since there is no read command the 
external strobe is ignored in cycles 4 and 5. <A read command in cycle 5 
returns the stored data of cycle 3 and reenables the external strobe for 
eyole: 6. 
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NO EXT. STROBE MODE (CONFIG. REG.: FLD. 1 BIT O=O OR FLD. 2 BIT 1=0 
IMMEDIATE] NO 


DELAYED READ REENABLED 
READ STROBE STROBE | 
CYCLE 1 CYCLE 2] CYCLE 3{ CYCLE 4] CYCLE 5] CYCLE 6 


OCCURRENCE 


(FIELD 1 
OR FIELD 2) 


Input Data 

Internal Str ao 

Input Read NONE A NONE 
Stored Data 3 3 6 
Data Read NONE 4 NONE 


Normal read with int. 
strobe where present 
data is returned as 
valid data. 


Reenabled int. 
strobe stores 
data without 
read command. 


Optionally, this 
data could be 
read in cycle 6. 


Read without internal 
strobe. Data from previous 
int. strobe returned. 


Read command without 
Ants strobe returns 
delayed data and re- 
enables strobe. If 
there were a "read 
with int. strobe, 
Data 5 would be 

stored and returned. 


Delayed internal strobe 
stores new data. However,further 
int. strobes are disabled until 
the data from cycle 3 is read. 


Internal strobe is disabled and 
jwill store no new data. 


Figure 12-4. Non-External Strobe Mode Operation 


12-17 


HP 25516A 


STROBE MODE (CONFIG. REG.: FLD. 1 BIT O=1 OR FLD. 2 BIT 1=1) 


IMMEDIATE READ DELAYED READ. IMMEDIATE READ 
CYCLE (CYCLE 2 2};CYCLE JICYCLE 4 ‘(CYCLE 5|CYCLE 6{/CYCLE t 


NONE none, | 
NONE NONE | 


HXT. 


OCCURRENCE 
(FIELD 1 
OR FIELD 2) 


Input Data 
Ext. Strobe 
Stored Data 
Input Read 

Int. Strobe 
Data Read 


Normal read with 
ae otra strobe. 
Input data from 
ithe ext. strobe 
is returned. 


Data stored 
using exter- 
nal strobe, 
and read 


Read without internal 
strobe. Data is 
returned but the next 
internal strobe that 
joccurs without an 
accompanying read com- 
mand will disable 
further ext. strobes. 


Ext. strobe still 


disabled. Read com- 
mand returns cycle 
4 data and enables 
subsequent external 
strobes. 


Data is stored from the ext. 
strobe but the internal 
Istrobe is not accompanied by 

a read command, and therefore 
disables further ext. strobes. 


Until a read command occurs, 
strobes are disabled, and no data 
will be stored or returned. 


Figure j2-5. External Strobe Mode Operation 
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12.6 REGISTER ASSIGNMENTS 


Register assignments for the digital multifunction card are shown in 
table 12-3. 


The digital multifunction card has one input field and one output field. 
The addresses on page 1 are the input point register addresses; reading 
from these addresses returns the current input value of the corresponding 
point. 


Writing to the addresses on page 5 will cause the output of the 
corresponding output point to be the value of the lowest bit of the data 
written to the corresponding address. Reading from these addresses will 
return the current value of the output from the corresponding point. 


The count associated with each input point is available by reading from 
the addresses on page 9. The preset for these counters is written to and 
read from the addresses on page 10. The current input field and output 
field values are available from the addresses on pages 11 and 12, as 
Shown in the diagram below. 


The sense and enable registers for configuring interrupts on the input 
Field are accessible through the first addresses on pages 14 and 15, and 
the interrupt status and card function register addresses are on page 16. 
Whenever the interrupt register is read, it is cleared automatically. 


The rollover register on page 13 is used to determine what value to load 
the multifunction counters with when the counter overflows. Each bit in 
the rollover register corresponds to a point counter. If the counter's 
rollover bit is set, it rolls over to the value in the preset register; 
if the bit is clear, it rolls over to 0. 


The card configuration register of the multifunction card is used to 
configure the card for external strobe. 


Bit Meaning 


0) Enable External Strobe 
1-7 Undefined 
8 If bit 0 is set, this bit configures which 
transition of the strobe signal is valid. If bit 
8 is set, the data is strobed on the next 
rising edge. If bit 8 is clear, 
the data is strobed on the next falling edge. 
9-31 Undefined 


The card status register has only one significant bit. If bit 0 is Set, 
the the field is waiting for an external strobe or an internal trigger. 


12-19 


HP 25516 


TABLE 12-3. MULTIFUNCTION CARD REGISTER ASSIGNMENTS 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 


] 
} 2 
3 
A 
5 
% 
4 
8 


INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 
INPOINT 


OUTPOINT 1 
OUTPOINT 2 
OUTPOINT 3 
OUTPOINT 4 
OUTPOINT 5 
OUTPOINT 6 
OUTPOINT 7 
OUTPOINT 8 


ONHNUM BP WNFE 


OUTPOINT 
OUTPOINT 10 
OUTPOINT ll 
OUTPOINT 12 
OUTPOINT 13 
OUTPOINT 14 
OUTPOINT 15 
OUTPOINT 


(v\ 
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TABLE 12-3. MULTIFUNCTION CARD REGISTER ASSIGNMENTS, CONTINUED 


word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 


22 PAGE 9 PAGE 10 PAGE ll PAGE 12 


INFIELD 1 OUTFIELD 1 


ROLLOVER SENSE UNMASK INTERRUPTS 
0 ) 0 0) 
OVERRIDE 


PRESET 
PRESET 
PRESET 
PRESET 
PRESET 
PRESET 
PRESET 
PRESET 


ONAN M SB WN Fe 
ONNOURWNH EF 
ON NU &WND FF 


PRESET 
PRESET 10 
PRESET ll 
PRESET 12 
PRESET 13 
PRESET 14 
PRESET 15 
PRESET 


ONIN PWNE 


CARD CONFIG 
0 

CARD STATUS 
0 

CARD ID REG 
0 

0 

BIF 
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12.7 PIN ASSIGNMENTS AND CABLING 


Table 12-3 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
Figure 3-11, at the end of Section III of this manual. 


Table 12-3. HP 25516A I/O Connector Module Pin Assignments 


CONNECTOR PINS CONNECTION 5 CONNECTOR PINS CONNECTION 


178-ohm res. 


147-ohm res. 
Fld. 2 Strobe 
Strobe Gnd. 
In Pt. + 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 
In Pt. 


BRUNE BONE BRUNER WN EWS 


1,2 
3 
4 
1 
2 
3 
4A 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
A 


COMDNNTAHATUUP BWWNHYDNYE Ee 
P+ iti te tittietiti+ 
Petite te eteeititi 


147-ohm res. 
NOT USED 
In Pt. 9 + 
In Pt. 9 - 
In Pt. 10 
In 10 
In ll 
In 1l 
In 12 
In 12 
13 
13 
14 
14 
15 
15 
16 
16 


res. 
NOT USED 
Out Pt. 9 + 
Out Pt. 9 - 
Out Pt. 10 
Out Pt. 10 
Out Pt. ll 
Out 11 
Out 12 
Out 12 
Out 13 
Out 13 
Out 14 
Out 14 
Out 15 
Out 15 
Out 16 
Out 16 


 N 


rr+i rere ritritit 


PmPWHOYM BPWNHR BPWNHEH HBWNHERS 
Peretti titi et ti tt t+ 


v 
a 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
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The connection between the digital multifunction card and the field 
Wiring is made with one of two cables: 


HP 25550A (digital card cable with screw terminations) 


HP 25550B (digital card cable, unterminated) 
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Section XIIT 
HP 25594 Thermocouple Reference Connector 


13.1 INTRODUCTION 


This section provides information for the HP 25594 Thermocouple Reference 
Connector (TRC). Included are specifications and a functional 
description. Installation information for the connector is provided in 
the HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 


13.2 DESCRIPTION 


The HP 25594 (TRC), shown in figure 13-1, provides an accurate reference 
junction for thermocouple meaSurements. 


The TRC accepts input voltages from up to 15 thermocouples, generates a 
reference voltage in proportion to the temperature of the TRC, and 
transfers the thermocouple voltages and the reference voltage to its 
output connectors. (The HP 2250 can convert these measurements directly 
into temperature readings. Refer to the HP 2250 Programmer's Manual, 
part number 25580-90001, for details.) 


The HP 25594 TRC is available in two versions: 
HP 25594A TRC, for use with the HP 25503 LLMUX card 


HP 25594B TRC, for use with the HP 25564 RLYMUX card 


CAUTION 


DO NOT CONNECT AN HP 25594A TRC TO AN HP 25504 RLYMUX 
CARD. Due to differences in the cable configurations of 
the two TRCs, use of an HP 25594A TRC with a RLYMUX card 
could result in the routing of high common mode voltages 
to terminations on the TRC where they are not expected. 
These common mode voltages may be as high as 350 volts or 
more, and are potentially lethal. Use only the HP 25594B 
TRC with the RLYMUX card. 


Note that these two TRCS are NOT INTERCHANGEABLE, due to the differences 
in the cable configurations. As indicated in the warning above, use of 
an HP 25594A TRC with a RLYMUX card could subject you to hazardous, or 
even lethal, voltages. Use of the HP 25594B TRC with an LLMUX card is 


not hazardous, but it will cause you to lose the use of every other 
channel on the card. 


13.3. SPECIFICATIONS 


Specifications for the TRC are provided in table 13-1. 


L3=2 


HP 25594 


52A-0645 


Figure 13-1. HP 25594 Thermocouple Reference Connector 
(The HP 25594A is shown here. The HP 25594B is similar, 
except that it has four card connectors instead of two.) 


HP 25594 


Table 13-1. HP 25594 Specifications 


FEATURES 


Up to 15 thermocouple inputs 


Used with types B, E, J, K, R, S, and T thermocouples 


Allows any combination of thermocouple types 
Accepts up to AWG 18 wire 


Provides voltage output proportional to connector temperature 


APPLICATIONS 


Provides an accurate reference junction f thermocouple 
measurements. 


PROGRAMMING INFORMATION 


REF command: Read temperature of the specified reference 
connector 

JTEMP command: Read temperature of the specified type J 
thermocouple 

KTEMP command: Read temperature of the specified type K 
thermocouple 

TTEMP command: Read temperature of the specified type T 
thermocouple 

ETEMP command: Read temperature of the specified type E 
thermocouple 

RTEMP command: Read temperature of the specified type R 
thermocouple 

STEMP command: Read temperature of the specified type S 
thermocouple 

BTEMP command: Read temperature of the specified type B 
thermocouple 
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Table 13-1. HP 25594 Specifications (Continued) 


ELECTRICAL CHARACTERISTICS 


Temperature Gradient: < 0.1 degree C (across the 
entire connector) 


Reference Output: 10 mV/degree C nominal 


Accuracy (0 to 70 degrees C): +/- 0.35 degree C 
(0 to 50 degrees C): +/- 0.25 degree C 


Stvablilitvy: < 0.3 degree C/1000 hours 

Overvoltage Protection: +/- 80 VDC indefinite (power 
inputs) 
+/- 36 VDC indefinite (reference 
output) 

PHYSICAL CHARACTERISTICS 
Width: 5.72 em (2.25 inches) 
Depth: 16.2 ecm (6.4 inches) 


Weight: 300 gm (0.66 pound) 


13.4 FUNCTIONAL DESCRIPTION 


Figure 13-2 contains a functional block diagram showing the 
inputs/outputs and functions of the HP 25594. 


The TRC has 15 input channels and 16 output channels. Input channels 1 
through 15 receive independent thermocouple voltages from any type of 
thermocouple. Output channels 1 through 15 are used for transferring 
the thermocouple voltages to the inputs of the LLMUX or RELMUX. Output 
channel 16 transfers the thermocouple reference voltage to the input of 
the LLMUX or RELMUX. 
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Figure 13-2. HP 25594 Functional Block Diagram 
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The TRC temperature is converted to a voltage proportional to the TRC 
temperature and is applied to output channel 16. Power for operating 
the TRC reference circuitry is supplied by the LLMUX or RELMUX via the 
Thermocouple Input Cable. 


The TRC maintains a uniform temperature across its thermocouple input 
connectors (thermocouple reference junction points), thereby providing 
the same temperature for each reference point. If a temperature change 
does occur, the change will be the same for all thermocouple reference 
junctions. This allows them to operate with one common reference 
voltage. 


This feature, along with software correction tables, provides accurate 


TRC operation with inputs from different types of thermocouples (see 
table 13-1 for the different types of thermocouples). 


13.55 CALIBRATION 


Calibration of the HP 25594 is performed at the factory under controlled 
conditions. If re-calibration is necessary, the unit should be returned 
to Hewlett-Packard. 
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HP 25594A Functional Block Diagram 


VOD 


HP 25594A 


The TRC temperature is converted to a voltage proportional to the TRC 
temperature and is applied to output channel 16. Power for operating 
the TRC reference circuitry is supplied by the LLMUX or RELMUX via the 
Thermocouple Input Cable. 


The TRC maintains a uniform temperature across its thermocouple input 
connectors (thermocouple reference junction points), thereby providing 
the same temperature for each reference point. If a temperature change 
does occur, the change will be the same for all thermocouple reference 
junctions. This allows them to operate with one common reference 
voltage. | 


This feature, along with software correction tables, provides accurate 
TRC operation with inputs from different types of thermocouples (see 
table 13-1 for the different types of thermocouples). 


13.5 CALIBRATION 


Calibration of the HP 25594A is performed at the factory under 
controlled conditions. If re-calibration is necessary, the unit should 
be returned to Hewlett-Packard. 
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Section XIV 
Signal Conditioning Modules 


14.1 INTRODUCTION 


This section provides information on the signal conditioning modules 
(SCMs) available with the HP 2250 Measurement and Control Processor. 
Included are descriptions and specifications for all SCMs. Installation 
instructions for the SCMs are provided in the HP 2250 Measurement and 
Control Processor Installation and Start-Up Manual, part number 
02250-90012. 


14.2 DESCRIPTION 


Signal conditioning modules (SCMs) are small printed circuit assemblies 
that plug onto digital I/O function cards and tailor the cards for 
interfacing to different types of sensors and actuators. Use of the 
SCMs gives maximum signal conditioning modularity to the function cards. 


SCMs provide input signal conditioning in increments of four points. 
Because different input SCMs can reside on the same digital input and 
multifunction cards, a single card can be interfaced to a variety of AC 
and DC signals. SCMs also provide optional input isolation via optical 
isolators. 


The digital output (HP 25513A) and multifunction (HP 26616A) cards use 
four point output SCMs to give output switching capability for many 
types of AC and DC loads. The relay output card (HP 25514A) uses SCMs 
for relay arc suppression. 


All digital function cards can be triggered with an external strobe 
signal. Therefore, these cards can accept one or two one-point SCMs for 
interfacing to strobe signals if necessary. Note that the use of the 
external strobe SCM does not reduce the point capacity of any function 
card. For example, the HP 25511A 32-Point Digital Input card has all 32 
points available regardless of whether the strobe SCM is used or not. 
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The matrix shown in figure 14-1 indicates which signal conditioning 
modules may be used with the various digital function cards. Each SCM 
product number has several alpha suffixes that indicate a specific type 
of AC or DC signal. For example, the HP 25531 Non-Isolated Digital 
Input SCM series is available in the following voltage ranges: 


HP 25531B 5 VDC range 
HP 255516 12 VDC range 
HP 25531D 24 VDC range 
HP 255315 48 VDC range 
HP 25531K 5 VDC range, sink inputs 


HP 255311 12 VDC range, sink inputs 


Consult the following paragraphs for the individual SCMs for further 
details. 


143 SUMMARY OF SIGNAL CONDITIONING MODULES 


All SCMs are described in the remainder of this section. A _ brief 
summary of the SCMs is presented below: 


1-Point/4-Point Non-Isolated Digital Input SCMs: 


HP 25531 - 1-Point (Strobe) 
HP 25535 - 4-Point 


The 1-point/4-point non-isolated digital input SCMs serve as'- the 
electrical interface between the function cards and the digital 
signals in the external process. 


1-Point/4-point Isolated Digital Input SCMs: 


HP 25533 - 1-Point 
HP 25537 - 4-Point 


The 1-point/4-point isolated digital input SCMs are used. to 
condition AC/DC signals of various ranges for compatibiltiy with the 
function cards. 


Signal Conditioning Modules 


DIGITAL I/O SIGNAL CONDITIONING MODULES (SCMs) 


SS 


Strobe SCMs 


1 Ch. Non 1 Ch. Iso 4 Ch. Non 4 Ch. Iso 4 Ch. Relay 4 Ch. Iso 4 Ch. Non 2 Ch. AC 
Iso DC AC/DC Iso DC AC/DC Arc Suppres DC Iso DC 


input SCMs Output SCMs 


FUNCTION CARDS 


25511A 
32 Point Digital 
Input Card 


J 


“25513A 
32 Point Digital 
Output Card 


25514A 
16 Point Relay 
Output Card 


J 
v J 


25516A 
32 Point Digital 
Multifunc. Card 


*Use of all AC output SCMs on the digital output card limits the users to 16 output points. 


2250-107L 


Figure 14-1. Signal Conditioning Module Matrix 
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4- 


Channel Relay Arc Suppression SCM: 


He 25959 


4 


Each 4-channel relay arc suppression SCM provides protection for 
both the Normally Open (NO) and Normally Closed (NC) contacts of 
four relays from arcing due to switching inductive loads. 


Channel Isolated VMOS Output SCM: 


HE 25549 


Nie 


The 4-channel isolated VMOS output SCM uses transformer isolation to 
eliminate ground loops and enable on-card CMOS logic to switch 
high-level signals. 


Channel VMOS Output SCM: 


HP 25544 


? 


The 4-channel VMOS output SCM provide the fastest switching 
available in the digital output SCM series, with a non-isolated 
external strobe-to-output switching time of 2 usec. 


Channel Solid State Relay SCM: 


HP 25545 


The solid state relay SCM facilitates the switching of AC loads 
without requiring external wiring. 


In addition to the digital function card SCMs described above, an analog 
input SCM is available, as follows: 


8- 


Channel Analog Input SCM: 


HP 25540 


The 8-channel analog input SCM provides 250 ohms current loop 
termination, and 2-pole low pass filters for the HP 25502A and HP 
25503A solid state multiplexer cards. 


Table 14-0 
Signal Conditioning Modules 


PRODUCT NO. | DESCRIPTION PART NO. 


5VDC One Channel 25531-60001 
12VDC non-isolated 25531-60002 
OUVDC digital in 25531-60003 
48VDC 25531-60004 
5VDC*# 25531-60005 
12VDC* 25531-60006 


5VDC One channel 25533-60001 
12VDC non-isolated 25533-60002 
24VDC digital in 25533-60003 
48VDC 25533-60004 
T2VDC 25533-60005 
120VDC/72VAC 25533-60006 
115VAC 25533-60007 
230VAC 25533-60008 


5VDC Four channel 25535-60001 
12VDC non-isolated 25535-60002 
Q4UVDC digital in 25535-60003 
48VDC 25535-60004 
5VDC* 25535-60005 
12VDC# 25535-60006 


S5VDC Four channel 25537-60001 
12VDC isolated 25537-60002 
OQ4UVDC/16VAC digital in 25537-60003 
48VDC 25537-60004 
T2VDC 25537-60005 
120VDC/T2VAC 25537-60006 
115 VAC 25537-60007 
230VAC 25537-60008 
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Table 14-0 (cont.) 


PRODUCT NO. | DESCRIPTION PART NO. 


BLANK Four channel 25539-80001 
0-30 VDC relay are 25539-60005 
C4UVAC Suppression 25539-60007 
115VAC 25539-60008 


230VAC 25539-60009 


2554H0A BLANK Analog In 5081-0106 
mp W/FILTER 25540-60001 
me ai SENS/ RES 25540-60002 


FIL/SEN.RES 25540-60003 


25543-60001 


25544-60001 
25544-60002 
25544-60003 


25545-60001 


25504-60002 


Four channel 
isolated VMOS 


" D | 
25543N 

| 25544A | 
| B 
" C 
25545P 

aa 


= Sink-type inputs 


OPEN DRAIN Four channel 
S5VDC Non-Isolated 
12VDC VMOS out 


Two channel 
SSRLY out 


Single channel relay 
module 
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14.4 SCM USAGE EXAMPLE 


An example of how one card can use multiple SCMs is shown below: 
HP 25516A 32-Point Digital Multifunction card 


INPUTS WITH SCMs OUTPUTS WITH SCMs 


HP 25535B 4-Ch. Non-Iso. 5VDC Input HP 25543A 4-ch. Iso. VMOS Output 
HP 25535D 4-Ch. Non-Iso. 24VDC Input HP 25544B 4-Ch. 5VDC Output 

HP 25537B 4-Ch. Iso. 5VDC Input HP 25544C 4-Ch. 12VDC Output 

HP 25537H 4-Ch. Iso. 115VAC Input HP 25545A 2-Ch. SSR Output 


Strobe SCM: HP 25533D 1-Channel Isolated 24 VDC 
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14.5 1-POINT/4-POINT NON-ISOLATED DIGITAL INPUT SCMS 


The 1-point (HP 25531 Series), and 4-point (HP 25535 Series) SCMs, shown 
in figure 14-2, are listed below: 


HP 25531 1-Point Non-Isolated Digital Input SCM 
HP 255918 5 VDC range 
HP 255310 12 VDC range 
HP 25531D 24 VDC range 
HP 255315 48 VDC range 
HP 25531K 5 VDC range, sink input 
HP 255311L 12 VDC range, sink input 


HP 25535 4-Point Non-Isolated Digital Input SCM 


299598 


HP 5 VDC range 

HP 25535C 12 VDC range 

HP 25535D 24 VDC range 

HP 2553552R 48 VDC range 

HP 25535K 5 VDC range, sink inputs 

HP 255351 12 VDC range, sink inputs 
14.5.1 HP 25531/25535 Description 
A schematic diagram of the HP 25531/25535 SCMs is shown in figure 14-3. 
The 1-point/4-point non-isolated digital input SCMs serve as_ the 


electrical interface between the digital signals in 
Hysteresis 
provided 
wetting current is 


and the function ec 
immunity. 
filtering. A 
sensing. 


The 1-point 


Debouncing 
1.5 mA 


SCM (HP 


ards. 
is 


25551 


series) 


the external process 
for increased noise 
closures and noise 
for contact closure 


is provided 
for contact 
provided 


is used for the additional single 


input (external strobe) found on most digital function cards. 
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2250-108H 


Figure 14-2. HP 25531/25535 SCMs 
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SOURCE TYPE INPUTS 


5 VDC or 12 VDC 


OPEN 
DRAIN 


e 
TO FUNCTION 
CARD 
ih FILTER 


SINK TYPE INPUTS 


SVDC OR 12VDC 


O FUNCTION 


CARD 
es 


2250-109L ONLY ONE CHANNEL SHOWN 


Figure 14-3. HP 25531/25535 Schematic Diagram 
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14.5.2 HP 25531/25535 Specifications 


Specifications for the HP 25531/25535 are provided in table 14-1. 


Table 14-1. HP 25531/25535 Specifications 


FRATURES 
Hysteresis 
Debounce/noise filter 
Input range/type selection 


Wet sensing of contact closures 


APPLICATIONS 
Limit switch sensing 
5V to 48V voltage sensing 


Relay contact sensing 


Static Parameters for Source Type Inputs” 


Operating 4qsolute 
Nominal Range taximum 
Product Fullscale Vin 
Number Vin (V) 
Suffix i 


Nominal Open 
Open Short Circuit - Turn-off 
Product Circuit Circuit Vin i l Vin 
Number Vin lin (V) 
Suffix ~ (mA) 
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Table 14-1. HP 25531/25535 Specifications (Continued) 


DYNAMIC PARAMETERS (IDENTICAL FOR ALL PRODUCT NUMBERS 


PROPAGATION DELAY 
With filter capacitor: 15 msec minimum, 53 msec maximum 


Without filter capacitor: 500 nsec minimum, 28 usec maximum 


WIDTH OF NARROWEST OUTPUT PULSE 


With filter capacitor: 6.9 msec minimum, 49 msec maximum 


Without filter capacitor: 200 nsec minimum, 21 usec maximum 


All products shipped with debounce filter. If no debounce is 
desired, the filter capacitor must be clipped off. 


An isolated pulse is one that occurs when the filter capacitor 
has had time to fully charge or discharge. This time is 100 ms. 


Due to the pulse stretching effect of the hysteresis, if an 
input pulse is of sufficient width to be detected, an output 
pulse of the minimum width will be produced. 
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14.6 1-POINT/4-POINT ISOLATED DIGITAL INPUT SCMS 


The 1-point (HP 25533) and 4-point (HP 25537) isolated digital input 
SCMs, shown in figure 14-4, are listed below: 


HP 25533 1-Point Isolated Digital Input SCM 


LP’ 2D oO. 5 VDC range 
He: ZOO oC 12 VDC range 
HP 25555) 24 VDC (16 VAC) range 
He’ 25555" 48 VDC range 
HP: 255552 72 VDC range 
HP 25533G 120 VDC (72 VAC) range 
HP 2909 95H 115 VAC range 
HP 255331 230 VAC range 


HP 25537 4-Point Isolated Digital Input SCM 


He 2509 Te — 5 VDC range 

HP 255379 12 VDC range 

HP 25537R 24 vDC (16 VAC) range 
HP’ 255515 48 VDC range 

Be 3.25 59..0 72 VDC range 

HP 2553 7U 120 vdc (72 VAC) range 
He 250904 115 VAC range 

HP 25533W 2430 VAC range 


14.6.1. HP 25533/25537 Description 


A schematic diagram of the HP 25533/25537 SCMs is shown in figure 14-5. 
The 1-point/4-point isolated digital input SCMs are used to condition 
AC/DC signals of various ranges for compatibility with the function 


cards. 


The isolation is optical, with threshold sensing performed prior to the 
LED to obtain independence from LED degradation. 
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2250-110H 
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AC/DC INPUTS 


2250-111L 


Figure 14-5. HP 25533/25537 Schematic Diagram 
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14.6.2 HP 25533/25537 Specifications 
Specifications for the HP 25533/25537 are provided in table 14-2. 


Table 14-2. HP 25533/25537 Specifications 


FEATURES 
Hysteresis 
Debounce/noise filter 
Input range selection 
Optical isolation with thresholds independent of LED degradation 


AC/DC inputs 


APPLICATIONS 


Limit switch sensing 

5 VDC to 230 VAC voltage sensing 
Relay contact sensing 

Relay coil voltage monitoring 


Current sensing 
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Table 14-2. HP 25533/25537 Specifications (Continued) 


STATIC PARAMETERS 


Maximum 
Operating Vin and 


Nominal Resultant Lin DC Input Thresholds AC Input 
Product Fullscale Nominal Input Vin ¢ Lin Threshold 
Number (V) Power Dissipation (V) (mA) (VAC) 
Suffix DC/AC (mW) DC/AC i 


5) - 25) — 10/— 
eee 60/ — 1e/= 
24/16 120/80 30/30 
48) — 240/ — THT 
Toi 360/ — 100/100 
120/72 600/360 140/140 
415 ~1575 160/160 
+1230 ~11150 250/250 


NOTES< 


1. Due to the pulse stretching effect of the hysteresis, if an 
input pulse has enough energy to be detected (i.e., if the 
capacitor is allowed to charge/discharge sufficiently to cross 
one threshold), an output pulse of width as indicated above will 
be produced (i.e., of width equal to the time that it takes the 
capacitor to discharge/charge sufficiently to cross the other 

threshold). 


In order for an input pulse to be detected, it must be wider 
than the maximum propagation delay. (Input pulses of width 
less that the minimum progagation delay will be ignored.) 


3. A "TURNED OFF" input produces a high output voltage which is 
interpreted by the function cards as a logic zero. 


A “TURNED ON" input produces a low output voltage which is 
interpreted by the function cards as a logic one. Note that 
undriven inputs produce logic zeros. 


The SCM load consists of a 56K resistor to +12 V on the 
function card. 
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Table 14-2. HP 25533/25537 Specifications (Continued) 


Positive current flows into the SCM input. 


AC voltages and currents are RMS. 


All products shipped with debounce filter. If no debounce is 
desired, the filter capacitor must be clipped off. The filter 
is required for AC operation. 


INPUT CURRENT AT NOMINAL INPUT VOLTAGE 


5 mA 


INPUT TURN-ON CURRENT 


1.96 mA minimum, 3.11 mA maximum 


INPUT TURN-OFF CURRENT 


4.00 mA minimum, 1.62 mA maximum 


INPUT-OUTPUT INSULATION LEAKAGE CURRENT 
Maximum 1 uA at 25 degrees/C, 45% relative humidity, and 
Vin-out = 2500 VDC applied for 5 seconds 


DYNAMIC PARAMETERS 


PROPAGATION DELAY TIME TO LOGIC LOW OUTPUT LEVEL 
With filter capacitor: 400 usec minimum, 1.4 msec maximum 


Without filter capacitor: 20 usec maximum 


PROPAGATION DELAY TIME TO LOGIC HIGH OUTPUT LEVEL 
With filter capacitor: 40 msec minimum, 133 msec maximum 


Without filter capacitor: 70 usec maximum 
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Table 14-2. HP 25533/25537 Specifications (Continued 


WIDTH OF NARROWEST LOW-GOING OUTPUT PULSE 


With filter capacitor: 18 msec minimum, 123 msec maximum 


WIDTH OF NARROWEST HIGH-GOING OUTPUT PULSE 


With filter capacitor: 18 usec minimum, 1.3 msec maximum 


AC INPUT FREQUENCY RANGE: 


With filter capacitor: 47 Hz minimum, 420 Hz maximum 
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14.7 4-CHANNEL RELAY ARC SUPPRESSION SCMS 


The HP 25539 4-channel relay arc suppression SCMs, shown in figure 14-6, 
are listed below: 


HP 25539A For user-suppled components 
HP 255395 O to 30 VDC are suppression 
HP 25539G 24 VAC are suppression 
HP 2255598 115 VAC arc suppression 
HP 25539d 240 VAC are suppression 


14.7.1 HP 25539 Description 
A schematic diagram of the HP 25539 SCM is shown in figure 14-7. 
Bach SCM provides protection for both the normally open and normally 


closed contacts of four relays from arcing due to switching inductive 
loads. 


14.7.2 HP 25539 Specifications 


Specifications for the HP 25539 are provided in table 14-3. 
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2250-112H 


Figure 14-6. HP 25539 SCMs 


| 14-19 


Signal Conditioning Modules 


255398 
COM SS ee 


Space for 
user-supplied 
components 


255398, G,H, or J 
COM 


2250-113L 


Figure 14-7. HP 255359 Schematic Diagram 
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Table 14-3. HP 25539 Specifications 


FRATURES 


Transient suppression for both the normally open and 
normally closed contacts of four relays. 


Suitable for 0 - 30 VDC loads, or 24 - 230 VAC loads. 


HP 25539A provides space for user-supplied arc suppression 
components such as R-C snubber networks. 


HP 25539B provides high-speed bipolar transient suppression for 
O - 30 VDC load. 


HP 25539G, H, and J provide high-speed bipolar transient 
Suppression zener diodes for 24 VAC, 115 VAC, and 230 VAC, 
respectively. 

APPLICATIONS 
Used to prevent damage and reduce noise due to voltage spikes 
accompanying the switching of inductive loads. 

HP 25539A 
The HP 25539A 4-Channel Relay Arc Suppression SCM provides 


space for two components per relay pole as shown in figure 
14-7. Maximum space available for the components is as 


follows: 
LEAD 
WIDTH LENGTH HEIGHT DIAMETER 
COMPONENT 1 22-54 mm 
O.1 inch 0.042 inch 


COMPONENT 2 


0.042 inch 
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Table 14-3. HP 25539 Specifications (Continued) 


HP 255398 


Maximum clamping time; 5 nsec 


Peak current: 3 A 


Reverse stand-off voltage: 30 VDC 


Maximum clamping voltage: 57 volts 


Breakdown voltage: 35 - 43 volts 


Maximum reverse leakage at 30 VDC, 
25 degrees C: . 


HP 25539G, H, and J 


Maximum clamping time: 


Peak current: 


Maximum 

Reverse 

Leakage 
at 

25 degrees C 


Maximum 
Clamping 
Voltage 
at 3 A 


Breakdown 
Voltage 
at 1 mA 


Reverse 
stand-off 
Voltage 
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14.8 8-CHANNEL ANALOG INPUT SCMS 


The HP 25540 8-channel analog input SCMs, shown in figure 14-8, are 
listed below: 


HP 25540A For user-supplied components 

HP 25540B Psssive filter network capacitors 

HP 25540C Passive filter network current-loop resistors 
HP 25540D Passive filter network current-loop resistors 


and filter capacitors 


14.8.1 HP 25540 Description 


A schematic diagram of the HP 25540 SCM is shown in figure 14-9. 

The HP 25540 SCMs provide 250 ohms current loop termination, and 
two-pole low-pass filters for the HP 25502A 32-Channel High-Level 
Multiplexer and the HP 25503A 32-Channel Low-Level Multiplexer cards. 


These SCMs also allow space for users to mount their own current 
termination resistors and filter capacitors. 


14.8.2 HP 25540 Specifications 


Specifications for the HP 25540 are provided in table 14-4. 
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NNN. 


Figure 14-8. HP 25540 SCMs . 
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INPUTS TO 
CHANNEL MUX 


INPUTS NETWORK 


2250-115L 


Figure 14-9. HP 25540 Schematic Diagram 
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Table 14-4. HP 25540 Specifications 


FEATURES 
250-ohm termination resistors 
Two-pole RC filters 


Space for user-selected termination 


Space for user-selected filter capacitors 


APPLICATIONS 


Used for current loop termination and/or input filtering. 


BLECTRICAL CHARACTERISTICS 
Current loop termination: 
Resistance: 250 ohm +/=- 0.025% 
Temperature coefficient: 10 PPM/degree C 


Filter pole frequencies (minimum): 52 Hz 
te) HZ 


Filters: 


PRODUCT 
NUMBER FILTERS CURRENT TERMINATION 
HP 25540A 


A Sn 


HP 25540D 


* Space available for user-supplied components 
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14.9 4-CHANNEL ISOLATED VMOS OUTPUT SCM 


The HP 25543A 4-Channel Isolated VMOS SCM is shown in figure 


14-10. 


14.9.1 HP 25543A Description 


A schematic diagram of the HP 25543A is shown in figure 14-11. 


The HP 25543A 
enable on-card 
contains four 
frequencies up 


uses transformer isolation to eliminate ground loops and 


CMOS logic to switch high-level signals. Each HP 25543A 


fully isolated channels, each of which can operate at 
to 40 KHz. 


2250-116H 


Figure 14-10. HP 25543A SCM 
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FUNCTION FIELD 
<—— CARD TERMINALS —— >> 


2250-117L 


Figure 14-11. HP 25543A Schematic Diagram 


14.9.2 HP 25543A Specifications 


Specifications for the HP 25543A are provided in table 14-5. 
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Table 14-5. HP 25543A Specifications 


FEATURES 
Four independent channels per card 


Can be used with pulse, multifunction, and digital output 
function cards 


Pulse transformer isolation to 1500 volts 


APPLICATIONS 
Isolation allows switching of high common mode voltages 
VMOS field effect transistors switch 60 VDC, 300 mA 


AC signals up to 42 VAC rms, 300 mA can be switched by 
configuring channels back-to-back 


Controls motor contacting relays and actuating solenoids 


ELECTRICAL CHARACTERISTICS 


Output Voltage: 60 volts, maximum 


Output Sink Current: 300 volts, maximum 
(logic 1 (mA) at V 


Rise Time: | 50 nsec, typical 
Fall Time: 200 nsec, typical 
Turn-On Delay: 2 usec, maximum 
Turn-Off Delay: 30 usec, maximum 
Isolation, input to output: 1500 volts, minimum 


Off-State Leak Current: 10 uA, maximum 
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14.10 4-CHANNEL NON-ISOLATED VMOS OUTPUT SCM 


The HP 25544 4-Channel Non-Isolated VMOS Output SCMs, shown in figure 
14-12, are listed below: 


HP 25544A Open drain circuit 
HP 25544B 5 VDC range 
HP 25544C 12 VDC range 


14.10.1 HP 25544 Description 


A schematic diagram of the HP 25544 is shown in figure 14-13. 


The HP 25544 series SCMs are driven directly from CMOS logic levels on 
the digital function cards. The SCMs provide the fastest switching 
available in the digital output SCM series, with a non-isolated external 
strobe-to-output switching time of 2 usec. 


The HP 25544A SCM is an open-drain transistor with gener overvoltage 
protection. This SCM will switch 42 VAC, rms loads across +CH1i and +CH2 
(when -CH1 and -CH2 are left open), and across +CH3 and +CH4 (when -CH3 
and -CH4 are left open). 


The HP 25544B and HP 25544C SCMs use pull-up resistors connected to 
on-card voltage regulators to drive +5 and +12 volt logic. 


14-50 


Signal Conditioning Modules 


2250-118H 


Figure 14-12. HP 25544 SCMs 
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Figure 14-13. HP 25544 Schematic Diagram 
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14.10.2 HP 25544 Specifications 
Specifications for the HP 25544 are provided in table 14-6. 


Table 14-6. HP 25544 Specifications 


FEATURES 
Four independent channels per card 


Can be used with digital output, multifunction, and pulse output 
function cards. 


High-speed switching provided through VMOS field effect transistors 


Outputs are disabled (turned off) at power-on and power-off 


APPLICATIONS 


The HP 25544A is used to provide switching of DC signals up to 
60 volts, 300 mA. 


The HP 25544B is used to drive TTL logic. 


The HP 25544C is used to drive MOS/CMOS +12 volt logic. 


ELECTRICAL CHARACTERISTICS 
HP 2554448 
Maximum Logic O Output Voltage: 60 VDC, 42 VAC, rms 
Maximum Continuous Output: 300 mA sink 


Maximum Logic 1 Output Voltage: 750 mV at 300 mA sink 
250 mV at 100 mA sink 


Full-Voltage Output Waveshapes: Rise and Fall Times 
20 nsec typical 
(resistive load) 
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Table 14-6. HP 25544 Specifications (Continued) 


Turn-On/Turn-Off Delays: 10 nsec maximum 


HP 25544B and HP 25544C 


HP 25544B HP 25544C 
win | wyP rrp | MAX 


Internal Pull-Up Voltage (V) 4.8 


Output Source Current (mA care 
Output Sink Current (mA 


Logic 1 Output Voltage (V 


5, 


2 


Isink = 300 mA 
Isink = 100 mA 


Output Rise, Fall Times (ns 
Turn On, Turn Off Delays (ns 


Pull-Up Resistance 


2a 5 
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14.11 2-CHANNEL SOLID STATE RELAY OUTPUT SCM 


The HP 25545P 2-Channel Solid State Relay Output SCM is shown in 
figure 14-14. 


14.11.11 HP 25545P DESCRIPTION 


A schematic diagram of the HP 25545P is shown in figure 14-15. 


The HP 25545P facilitates the switching of AC loads’ without 
requiring external wiring. The HP 25545P fits onto any DC SCM 
location, and the AC output points are between: 


Ls The + side of the first channel (+CH1) and 
the - side of the second channel (-CH2) 


2% The + side of the third channel (+CH3) and 
the side of the fourth channel (-CH4) 


of each SCM. 


Each channel will switch up to 120 VAC, 800 mA at 55 degrees C. 
Optical isolation eliminates ground loops’ and keeps high voltages 
away from the logic components of the mother card. Zero voltage 
turn-on makes the solid state relay outputs ideal for switching 
filament lamp loads, and RC snubber networks enable inductive load 
switching to power factors of 0.50 or more. 


14.11.2 HP 25545P SPECIFICATIONS 


Specifications of the HP 25545P are provided in table 14-7. 
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Figure 14-14. HP 25545P SCM 
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Figure 14-15. HP 25545P Schematic Diagram 
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Table 14-7. HP 25545P Specifications 


FEATURES 
Zero voltage turn-on reduces EMI, RFI 
Optical isolation to 2500 volts 


Can be used with the digital output, multifunction, and 
pulse function cards 


Snubber networks ensure low power factor turn-on 


APPLICATIONS 


120 VAC switching to 180 watts (at 25 degrees C to 
40 degrees C) or 90 watts (at 70 degrees C) 


Used to interface to motors, lamps, and transformers 


ELECTRICAL CHARACTERISTICS 
RMS On-State Voltage: 1.5 volts maximum 
RMS On-State Current: 0.8 amps maximum 
Holding Current: 3 mA maximum 
Off-State rms Current 
With Snubber: 3 mA maximum 
Without Snubber: 1 mA maximum 


Turn-On/Turn-Off Time: 1/2 cycle maximum 


Operating Frequency: 30 Hz minimum 
400 Hz maximum 


Isolation, Input to Output: 2500 VAC, rms minimum 


Capacitance, Input to Output: 5 pF maximum 
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Table 14-7. HP 25545P Specifications (Continued) 


Critical Rate of Rise of 
Off-State Voltage 
at V = 300 V: 50 V/us minimum 


Peak Repetitive Off-State Voltage: 


+/- 300 volts maximum 
Critical Rate of 


Rise of On-State 
Current, dI =: 


20 A/us maximum 
dT 


Load Power Factor for Guaranteed 
| Turn-On: 


0.50 minimum 
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14.11 2-CHANNEL SOLID STATE RELAY OUTPUT SCM 


The HP 25545A 2-Channel Solid State Relay Output SCM is shown in figure 
14-14. 


14.11.1 HP 25545A Description 


A schematic diagram of the HP 25545A is shown in figure 14-15. 


The HP 25545A facilitates the switching of AC loads without requiring 
external wiring. The HP 25545A filts onto any DC SCM location, and the 
AC output points are between: 


1. The + side of the first channel (+CH1) and 
the - side of the second channel (-CH2) 


2. The + side of the third channel (+CH3) and 
the - side of the fourth channel (-CH4) 


of each SCM. 

Fach channel will switch up to 120 VAC, 800 mA at 55 degrees C. Optical 
isolation eliminates ground loops and keeps high voltages away from the 
logic components of the mother card. Zero voltage turn-on makes the 
solid state relay outputs ideal for switching filament lamp loads, and 


RC snubber networks enable inductive load switching to power factors of 
0.30 or more. 


14.11.2 HP 25545A Specifications 


Specifications of the HP 25545A are provided in table 14-7. 
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Figure 14-14. HP 25545A SCM 
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Figure 14-15. HP 25545A Schematic Diagram 
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Table 14-7. HP 25545A Specifications 


FEATURES 
Zero voltage turn-on reduces EMI, RFI 
Optical isolation to 4000 volts 


Can be used with the digital output, multifunction, and pulse 
function cards 


onubber networks ensure low power factor turn-on 


APPLICATIONS 
120 VAC switching to 100 watts 


Used to interface to motors, lamps, and transformers 


ELECTRICAL CHARACTERISTICS 
RMS On-State Voltage: 1-5 volts maximum 
RMS On-State Current: O.8 amps maximum 
Holding Current: 3 mA maximum 
Off-State rms Current 


With Snubber: 4 mA maximum 
Without Snubber: 1 mA maximum 


Turn-On/Turn-Off Time: 1/2 cycle maximum 


Operating Frequency: 30 Hz minimum 
400 Hz maximum 


Isolation, Input to Output: 2500 VAC, rms minimum 


Capacitance, Input to Output: | 5 pF maximum 
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Table 14-7. HP 25545A Specifications (Continued) 


Critical Rate of Rise OF 
Off-State Voltage 
at V = 300 V: 50 V/us minimum 


Peak Repetitive Off-State Voltage: +/- 300 volts maximum 


Critical Rate of Rise of On-State 
Current, dI : 40 A/us maximum 


al 


Load Power Factor for Guaranteed 
Turn-On:;: 0.40 minimum 
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14.112 4-CHANNNEL NON-ISOLATED BUFFERED OUTPUT 
SCM 


The HP 25546 4-Channel Non-Isolated Buffered Output SCM, shown in 
figure 14-16, is available as: 


HP 25546B 5 VDC range 


14.12.1| HP 25546 DESCRIPTION 


A schematic diagram of the HP 25546 is shown in figure 14-17. 


The HP 25546B digital output SCM is driven from CMOS logic levels 
on the digital function cards. This SCM is designed to minimize 
transmission line ringing when driving standard HP 25550 digital 
cables at high speeds. This capability makes the HP 25546B SCM 
particularly useful for applications that involve directly driving 
digital logic, as in most pulse card applications. 


The HP 25546B SCM uses a 5 volt CMOS buffer, capable of driving 
two TTL loads over the full temperature range. An inverting 
buffer is also part of the SCM to keep the number of inversions 
consistent with other SCMs. 
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Figure 14-16. HP 25546 SCM 
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Figure 14-17. HP 25546 Schematic Diagram 
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14.12.2) HP 25546 SPECIFICATIONS 


Specifications for the HP 25546 are provided in table 14-8. 
Table 14-8. HP 25546 Specifications 
FEATURES | 
Four independent channels per card 
Designed especially for pulse card applications 
Designed to minimize transmission line ringing 


Logic l at power-on 


APPLICATIONS 
The HP 25546B is used to drive TTL and 5-volt CMOS logic. 
ELECTRICAL CHARACTERISTICS 
HP 25546B 
MAX 
Logic 1 Output Voltage 
Logic O Output Voltage 
Low Level Output Current 


High Level Output Current 


Transition Time (H-L) 


Transition Time (L-H) 


Propagation Delay (H-L) 


Propagation Delay (L-H) 
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14.13. 4-POINT HIGH SPEED NON-ISOLATED DIGITAL 
INPUT SCMS 


The 4-point (HP 25536 series) SCMs, shown in figure 14-18, are 
listed below: 


HP 25536B > VDC range, source inputs 
HP 25536K 5 VDC range, sink inputs 


14.13.1 HP 25536 DESCRIPTION 


A schematic diagram of the HP 25536 SCMs is shown in figure 14-19. 


The 4-point high speed non-isolated digital input SCMs_ serve as 
the electrical interface between the digital signals in the 
external process and the HP 25512 counter card. Hysteresis is 
provided for increased noise immunity. A 1.5 mA wetting current 
is provided for contact closure sensing. 
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Figure 14-18. HP 25536 SCMs 
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Figure 14-19. HP 25536 Schematic Diagram 
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14.13.2. HP 25536 SPECIFICATIONS 


Specifications for the HP 25536 are provided in table 14-9. 


Table 14-9. HP 25536 Specifications 


FEATURES 
Hysteresis 
High speed operation 


Source or sink type inputs 


APPLICATIONS 


TTL-~compatible input sensing 


STATIC PARAMETERS 


Source Type Inputs: 


Operating Absolute 
Nominal R Maximum Turn-off 
Product Fullscale V Vi Rin Vin 
Number Vin V (KQ) (KQ) (V) (V) 
Suffix V i M i Max Min Max 


Sink Type Inputs: 


Nominal 
Open Short 
Product Circuit Circuit Vi Rin 
Number Vin i (KQ) (KQ) 
Suffix V i Min Max 
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Table 14-9. HP 25536 Specifications (Continued) 


DYNAMIC PARAMETERS (IDENTICAL FOR ALL PRODUCT NUMBERS ) 


Propagation delay: t(d) < 1.0 microsecond 
Rise time: t(r) < 200 nanoseconds 


Fall time: t(f) < 200 nanoseconds 


NOTES: 


1. The HP 25536 SCM is intended for use with the HP 25512 
counter card in high speed (> 10 kHz) applications. It 
does not provide debounce or noise filtering (except 
hysteresis), and therefore should not be used with 
switch or relay contact type signals. The upper limit 
of the HP 25536 SCM is 400 kHz. 
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HP 25512 4-Channel Counter Input 


15.1 INTRODUCTION 


This section provides information for the HP 25512 4-Channel 
Counter Input Card. Included are specifications and a functional 
description. Installation information for the card is provided in 
the HP 2250 Measurement and Control Processor Installation and 
Start-Up Manual, part number 02250-90012. 


15.2) DESCRIPTION 


The HP 25512 Counter Card, shown in figure 1-2, is an input 
function card for the HP 2250 Measurement and Control Processor. 
It has 4 input channels, each of which can be independently 
configured for any of 10 counting functions. Each channel has 2 
input signals, the A and B inputs: the A input is the primary 
input and is used for every counting function, while the B input 
is secondary and is not used by every counting function. 


The counter card requires the attachment of two signal 
conditioning modules (SCMs) to condition the external signals for 
the A and B inputs. There are two high speed SCMs (HP 25536B, 
HP 25536K) to support the full speed of the counter card; 
additionally, any of the HP 25535 or HP 2553/7 SCMs may be used 
when the input signals are within their operating range. Each SCM 
conditions the signals for 2 counter card channels. The maximum 
input frequency for each of the input signals is 400kHz, and the 
minimum input pulse width is 1.25 usec. 


To support diagnostics, the HP 25512 Counter Card provides 2 TTL 
level outputs. : 


There are no other external input or output signals for’. the 
counter card. 


The counter card has 20 independently enabled interrupt 
conditions, 5 for each counting channel. 
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Figure 15-1. HP 25512 Counter Input Card 
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Unless otherwise stated, all data written to or read from. the 
counter card is in 16-bit unsigned integer format. Note that this 
is different from the HP 2250°s 16-bit two”s complement data 
format for values greater than 32/767. Your host computer may need 
to deal with these numbers in double precision format to make use 
of their full range; otherwise they may appear to be 16-bit two's 
complement numbers (numbers greater than 32/67 will be treated as 
negative numbers). 


15.3.9 SPECIFICATIONS 


Table 15-1 gives the specifications for the HP 25512 Counter Card. 


Table 15-1. HP 25512 Counter Card Specifications 


FEATURES 
* 4 independent input channels 


* 10 counting modes, including 32 bit totalize, up-down 
counting, frequency, and period. 


* 5 programmable interrupts per channel (20 total) 
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Table 15-1. HP 25512 Counter Card Specifications, continued 


APPLICABLE MCL COMMANDS 


15-4 


CFN command : Write 2 Words of Configuration Data 
ECFN command : Write 4 Words of Configuration Data 
RCFN command : Read 4 Words of Configuration Data 
CNUMBER command : Write Number of Counting Periods 
RCNUMBER command : Read Number of Counting Periods 
CCONTROL command : Write Counter Channel Control Word 


COUNT command : Read 1 Word of Count Data Without. 
Restarting Channel 


DCOUNT command : Read 2 Words of Count Data Without 
Restarting Channel 


RCOUNT command : Read 1 Word of Count Data and Restart 
Channel 


RDCOUNT command : Read 2 Words of Count Data and Restart 
Channel 


INTERRUPT command : Enable Interrupt Conditions 
RINTERRUPT command : Read Interrupt Condition Enable Status 


RCS command : Read Card Status Register Bits 
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Table 15-1. HP 25512 Counter Card Specifications, continued 


GENERAL COUNTING MODE SPECIFICATIONS 
* Frequency: 400 KHz max 
Pulse width (Tw): 1.25 uS mina 


Pulse gap (Tg): 1.25 uS min 


* Triggering: Controlled by the MCL/50 configuration 
commands to trigger off of the rise or fall 
of the input signal. 


* Number Format: 
All functions except up-down count: unsigned integer 
Up-down count: twos complement 

* Totalize: 0 to 65,535 

* Totalize Rollover: to O 

* Extended Totalize: 0 to 4,294,967, 295 

* Extended Totalize Rollover: to 0 

* Prescale: O to 65,535 


* Up-Down: -32,768 to 32,/6/7 


* Up-Down Rollover: none (stays at -32,/68 or 32,/6/7) 
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Table 15-1. HP 25512 Counter Card Specifications, continued 


* Period and Time Interval: 


Number of periods or time intervals measured: 
l1 to 32,767 


Accuracy: +0.014 of reading +1 count 


Range value Time Interval 


* Ratio: 
Gate time: 1 to 65,535 counts of B input 
Resolution: 1/Gate time 
Range: 1 to 65,535 counts of A input 
Accuracy: +1 count 

* Environmental: Same as HP 2250 controller section 

* Power Consumption 
+5 volt supply : 835 mA / 4.18 Watts 
+12 volt supply : 15.26mA / 0.18 Watts 
~12 volt supply currently not used 

* Diagnostic Output 
High Level output voltage : 2./ volts min. 
Low Level output voltage : 0.4 volts max. 


High Level output current : 400 uA max. 
Low Level output current : 8 mA max. 
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Table 15-l. 


PROGRAMMING PERFORMANCE SPECIFICATIONS 


Minimum I/O Command Response Time 


Maximum I/0 Command Response Time 


PHYSICAL CHARACTERISTICS 


Width 34.8 cm (13.54 inches) 


Depth 28.91 cm (11.38 inches) 


Height : 3.5 cm (1.38 inches) 


Weight : 680 grams (1.5 lbs) 


15.4 SIGNAL CONDITIONING 


The counter card may 
conditioning modules 
SCM conditions the A 
(channels 1 and 2, or channels 3 
Support a varity of SCMs. Below 
counter card supports: 


accomodate a maximum 
(SCMs) to operate all 
and B inputs for two 
and 4) and 

is a 


HP 25512 Counter Card Specifications, 


list of 


continued 


~3 msec 


2./ msec 


of two input signal 
four channels. Each 
consecutive channels 
the counter card will 
SCMs which the 


25535B 5 VDC Non-Isolated Source Input 

25535C 12 VDC Non-Isolated Source Input 

25535D 24 VDC Non-Isolated Source Input 

25535E 48 VDC Non-Isolated Source Input 

25535K 5 VDC Non-Isolated Sink Input 

25535L 12 VDC Non-Isolated Sink Input 

25536B High Speed 5 VDC Non-Isolated Source Input 
25536K High Speed 5 VDC Non~Isolated Sink Input 
25537P : 5 VDC Isolated Input 

25537Q : 12 VDC Isolated Input 

25537R : 24 VDC / 16 VAC Isolated Input 

255378 : 48 VDC Isolated Input 

25537T : 72 VDC Isolated Input 

25537U : 120 VDC/72 VAC Isolated Input 

25537V : 115 VAC Isolated Input 

25537W : 230 VAC Isolated Input 
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Caution must be taken when selecting a particular SCM because some 
of the SCMs invert the signal before it reaches the counter card. 
All specifications which refer to input signal edges (e.g.-, count 
up on rising edge and down on falling edge) are with respect to 
the input of the counter card”s logic (SCM output) and not the 
input to the SCM. The matrix below shows how the various SCMs 
treat the sense of an input signal. 


Input to SCM 


a pe fe fa 


S 

C 

M 

Sink 1 1 

t 

y 

; fe ee 

e Isolated 


This matrix shows the value transmitted 
to the counter card from the output of 

an SCM for a given combination of input 
logic level and SCM type. source-type 
SCMs include HP 25535B-E and HP 25536B. 
Sink-type SCMs include HP 25535K,L and 

HP 25536K. Isolated SCMs include 

HP 25537P-W. 


not connected 


15.5 FUNCTIONAL DESCRIPTION 


The functional block diagram in figure 15-2 shows the major 
functions of the HP 25512 counter card. : 
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HP 25512 Counter Card Functional Block Diagram 
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15.5.1 CARD LOGIC 


The functional sections of the counter card can be broken down 
into four main categories: input logic, backplane interface, 
microprocessor and firmware, and system timing control. These 
will be discussed briefly in the following paragraphs. | 


15.5.1.1 Input Logic 


There are four input channels on the counter card, and each 
channel has two subchannels, A and B. The way these subchannels 
are used depends on the counting function for which the card is 
configured, as is described later in this section. 


Two 4-channel signal conditioning modules (SCMs) are used on the 
card, one for the subchannels on channels 1 and 2, the other for 
the subchannels on channels 3 and 4. Thus, you can have different 
signal conditioning on the two pairs of channels. After the input 
signals pass through the SCMs, they are translated from 0-12 volt 
levels to the O-5 volt (TTL) levels used on the card. The 
asynchronous input signals are then synchronized to a 1 mHz clock 
and passed to the system timing control section of the card. 


15.5.1.2 Backplane interface 


The backplane interface handles all of the communication 
handshaking and data transfers between the microprocessor and the 
backplane of the HP 2251 measurement and control unit (MCU). This 
section also performs signal translation between the card and the 
backplane (translation between 0-12 volt signals and 0-5 volt 
signals). 


The backplane interface contains three registers: address, data, 
and card status. (Note that the card status register is the only 
physical register on the card; all other "registers" are memory 
locations in the microprocessor.) The address register specifies 
which function is to be performed by a given channel, by giving 
the start address of the appropriate section in the firmware. fhe 
data register transfers information between the backplane and the 
card. This may be in the form of parameters to be passed from the 
backplane to the firmware (to go along with the address specified 
in the address register), or count data to be passed from the card 
to the backplane. The card status register indicates whether the 
card is busy, which channels are correctly configured, and which 
channels have data available for reading. 
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15.5.1.3. Microprocessor and firmware 


This section controls the activities on the card. It consists of 
a microprocessor and its associated firmware (stored in EPROM). 


The firmware furnishes the instructions that allow the 
microprocessor to execute the commands that are sent in from the 
backplane. The microprocessor and firmware control all 


communications and data transfers between the backplane interface 
and the card. It also sends commands to and receives’ data from 
the integrated circuits (ICs) in the system timing control 
section. 


15.5.1.4 System timing control 


The system timing control section of the card performs the actual 
counting. There are two system timing control ICs, and each IC 
handles the counting for two channels. (Note that each channel is 
completely independent of all other channels.) The ICs can be 
configured in different ways to perform the various counting 
functions; the configuration instructions are provided by the 
microprocessor. The ICs include logic to count either rising or 
falling edges of the input signal, according to the instructions 
from the microprocessor. 


15.5.2 COUNTING FUNCTIONS 


The 10 counting functions available on the counter card are in two 
categories, known as ungated and gated functions. The ungated 
functions count only external signals, and are not controlled by 
any other signal. For example, the extended totalize function is 
an ungated function: it counts the A input until the channel is 
explicitly commanded to stop counting. Valid counts are always 
available from active channels configured for an ungated function. 


The gated functions count a signal for an interval defined by 
another signal. These signals may be either internal or external 
to the counter card. All of the gated functions actually count 
two signals: one is the gate signal, which determines when the 
count will stop, and the other is the count signal, which is the 
count returned when the channel is-7 read. No valid count is 
available from a channel configured for a gated function until the 
count is complete (that is, the counting gate has closed). For 
example, the frequency mode function is a gated function: it 
counts the A input for a period of time determined by counting one 
of six internal clock signals. 


In all cases, it is the edge transition of an input’ that 
increments or decrements a count. 
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15.5.3 UNGATED FUNCTIONS 


The ungated functions programmable on the HP 25512 Counter Card 
are: 


15.5.3.1 Totalize 


A channel configured for totalize mode can make two counts 
simultaneously, one on the A inputs of the channel and one on the 
B inputs. In totalize mode both the A and B subchannels can count 
and furnish results independently. The count data read from a 
totalize subchannel is in 16-bit unsigned integer format. The 
count begins at O and counts up to 65535, then rolls over to O and 
continues counting up. If the subchannel has its overflow 
interrupt enabled, the counter card will interrupt the HP 2250 
when the subchannel”s count rolls over from 65535 to 0. A channel 
configured for totalize mode is also configured with preset values 
for both subchannels: if the subchannel has its completion 
interrupt enabled, the counter card will interrupt the host when 
the count reaches the preset value. 


Totalize mode is the only counting function that supports’ two 
counts per channel: all other counting modes have only one count 
per channel. 


15.5.3.2 Extended Totalize 


A channel configured for extended totalize mode counts the A 
input. The count data available to be read from the channel is in 
32 bit unsigned format, but it must be read in two 16 bit words. 
The count begins at 0, counts up to 4,294,967,295 (2°32-1), and 
rolls over to 0O. If the count rolls over, the counter card will 
interrupt the host if the interrupt has been enabled; in either 
case, the count will continue. 


15.5.3.3 Prescale 


A channel configured for prescale mode counts the A input down 
from a preset value to 0O. The channel can be configured to 
restart the count immediately when the count reaches 0, or to stop 
counting until explicitly instructed to start again. When the 
count reaches 0, the counter card will interrupt the host if the 
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interrupt has been enabled. There is always valid data available 
from achannel configured for the prescale mode, although the 
normal operating condition for this mode will be to wait for the 
count completion interrupt to occur. 


15.5.3.4 Up-Down Count 


A channel configured for up-down mode counts according to both the 
A and B inputs. The channel can be configured to count in one of 
three ways: (1) The count is incremented by tthe edges of the A 
input and decremented by the edges of the B input; (2) The channel 
counts the edges of the A input, with the direction controlled by 
the level of the B input; (3) The count is incremented or 
decremented on all edges of the A or B inputs, with the direction 


controlled by which edge changes state first (quadrature). In 
every case, the count begins at a preset value and counts up to 
32767 or down to -32768. There is no rollover for an up-down 


count. If the count goes over 32/67 or under -32768, the counter 
card will interrupt the host if the overflow or underflow 
interrupt has been enabled. 


Up-down count mode is the only counting function on the counter 
card to return data in 16-bit two”s complement format. 


15.5.4 GATED FUNCTIONS 


The gated functions programmable on the HP 25512 Counter Card are: 


15.5.4.1 Frequency 


A channel configured for frequency mode counts the A input for a 
period of time determined by counting one of 6 internal clock 
signals 10,000 times. The available clock signals are  10Hz, 
100Hz, 1KHz, 10KHz, 100KHz, and 1MHz, giving frequency wmode 
counting periods of 1000 sec, 100 sec, 10 sec, 1 sec, 100 msec and 
10 msec respectively. The units of the frequency returned depend 
on the length of the counting period; those units can be: .OOl1Hz, 
~-OlHz, .1Hz, lHz, 10Hz, and 100Hz. The count data is available 
only when the counting period has completed. 


Update 3 
15-13 


HP 25512 


Internal Counting Result 
Clock Period Units 
10 Hz 1000 sec ~OOl1l Hz 
100 Hz 100 sec -Ol Hz 
1K Hz 10 sec el Hz 
10K Hz 1 sec 1 Hz 
100K Hz 100 msec 10 Hz 
1M Hz 10 msec 100 Hz 


The count data is in 16 bit unsigned format. The count begins at 
O and counts up to 65535, then rolls over to O and counts up 
again. When the counting period is complete, the counter card 
will interrupt the host if the interrupt has been enabled. If the 
count rolls over to O from 65535, the counter card will interrupt 
the host if the interrupt has been enabled. When the count is 
complete, the channel can be programmed either to begin counting 
again at the start of the next period, or to stop counting until 
instructed to start again. 


15.5.4.2 Period 


A channel configured for period mode counts one of 6 internal 
clock signals for the period defined by either the rising or 
falling edges of the A input. The available clock signals are 
10Hz, 100Hz, 1KHz, 1LOKHz, 1OOKHz, and 1MHz; the units of the count 
data read from a channel configured for period mode are 100 msec, 
10 msec, 1 msec, 100 usec, 10 usec or 1 usec, respectively. The 
count data is valid only when the counting period has completed. 


Internal Result 
Clock Units 
10 Hz 100 msec 
100 Hz 10 msec 
1K Hz 1 msec 
l1OK Hz 100 usec 
l1OOK Hz 10 usec 
1M Hz l usec 


The count data is in 16 bit unsigned format. The count begins at 
O and counts up to 65535, then rolls over to O and counts up 
again. When the counting period is complete, the counter card 
will interrupt the host if the interrupt has been enabled. If the 
count rolls over to O from 65535, the counter card will interrupt 
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the host if the interrupt has been enabled. When the count is 
complete, the channel can be programmed to either begin counting 
again at the start of the next period, or to stop counting until 
instructed to start again. 


15.5.4.3 Period Average 


A channel configured for the period average mode operates exactly 
the same as for the period function, except the internal clock 
signal is counted for a programmable number of the input periods 
instead of for just one. (The result reported is the total number 
of counts; you have to divide by the number of periods to get the 
period average.) 


15.5.4.4 Time Interval 


A channel configured for the time interval mode operates exactly 
the same as for the period mode, except the time period being 
counted is controlled by some other programmable combination of 
the edges of the A and B inputs (e.g, from the rising edge of A to 
falling edge of B). 


15.5.4.5 Time Interval Average 


A channel configured for the time interval average mode operates 
exactly the same as for the time interval mode, except’ the 
internal clock signal is counted for a programmable number of the 
input periods instead of for just one. (The result reported is 
the total number of counts; you have to divide by the number of 
time intervals to get the time interval average.) 


15.5.4.6 Ratio 


A channel configured for the ratio mode counts the A input for a 
programmable number of counts of the B input. The count data is 
valid only when the counting period is complete. The count starts 
at O and counts up to 65535, then rolls over to O and counts up 
again. When the counting period is complete, the counter card 
will interrupt the host if the interrupt has been enabled. If the 
count rolls over from 65535 to 0O, the counter card will interrupt 
the host if the interrupt has been enabled. 


Note that it actually takes (preset + 1) B edges to complete a 
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ratio count. The ratio count starts when the first B edge is 
detected, and completes after an additional preset number of edges 
have been counted. 


15.5.5 INTERRUPTS 


The counter card is able to generate interrupts on certain 
conditions: 


completion of count on any (sub)channel 
overflow of count on any (sub)channel 
underflow of count on any channel 


A given interrupt is enabled by unmasking the appropriate bit in 
the INTERRUPT ENABLE register. When the condition occurs, the 
corresponding bit is set in the INTERRUPT register. 


Further details on interrupts can be found in the paragraphs on 
register assignments later in this section, and in the HP 2250 
Programmer’s Manual. 


15.5.6 DIAGNOSTICS 


The counter card contains loopback circuitry that allows it to 
test nearly all of itself when used with HP-supplied diagnostics. 
This testing can be done in either of two modes: internal loopback 
or external loopback. : 


Under internal loopback, the microprocessor turns off the input 
lines and generates internal test signals that are fed through the 
circuitry of the card. This mode can test all of the card except 
the SCMs. All of the ten counting modes can be tested, with the 
restriction that only one edge of the test signal (the falling 
edge) can trigger a count. 


Under external loopback, the card provides TTL level signals at 
the DIAGA+ and DIAGBt+ output pins on the card connector. Through 
the use of the appropriate test fixture, these signals can be 
routed back through the input pins. In this manner, the card can 
provide signals to test 1004 of itself, including the SCMs. The 
only limitation is that the frequency of the test signal has an 
upper limit of approximately 2 kHz; any components’ that might be 
marginal at higher speeds would not be detected. 


The diagnostic test procedure for the counter card is given in the 
HP 2250 Diagnostic and Verification Manual, part number 
25595-90001. 
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15.6 REGISTER ASSIGNMENTS 


The counter card derives the information it needs for its 
operation from the values written to the card registers. Table 
15-2 shows the register assignments for the counter card. You can 
set or examine the values in the registers standard MCL/50 
commands, MCL/50 register commands (READ, DREAD, WRITE, and 
DWRITE), or _ the MCLIO subroutine. (Refer to the HP 2250 
Programmer’s Manual and the HP 25581A Automation Library Manual 
for details.) Table 15-3 shows which commands’ affect which 
registers. The meanings of the values in the individual registers 
are given after table 15-3. 


Except for the CARD STATUS register, all registers shown in table 


15-2 are actually memory locations in the microprocessor. 
Registers not shown in table 15-2 don’t exist. If you write to a 
non-existent register, nothing will happen. If you read from a 


non-existent register, the card will return a value of zero. 


If you write values directly to the registers on 
the control card using MCL/50 register commands or 
MCLIO commands, be careful that you write’ the 


values to the correct registers. If you write 
your values to the wrong registers you can cause 
the card to malfunction. Be particularly careful 


not to write anything to registers 209 through 224 
(the DEBUG and DIAGNOSTICS registers), since those 
registers communicate directly with the system 
timing control ICs without going through the 
microprocessor. (Writing to those registers is an 
especially rapid way to mess up the card 
configuration.) 


We recommend that you use the standard MCL/50 
commands whenever possible, as those commands will 
address only the correct registers. If you do 
make a mistake and cause the card to malfunction, 
you can recover by issuing aRESet or SYstem 
Normalize command; this will reset the card (as 
well as the system) to its initialization values. 
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Table 15-2. Counter Card Register Assignments 


COUNT 2 
COUNT 3 
COUNT4 


Onaga nm & WH hi Fe 


1 
2 
3 
4 
5 
6 
7 
8 


* = double word register 
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Table 15-2. Counter Card Register Assignments, continued 


PAGE 9 PAGE 10 PAGE ll PAGE 12 


COUNT 1 NUM PERIODS 1 CONTROL 
COUNT 2 1 NUM PERIODS2 CONTROL 
COUNT 3 NUM PERIODS3 CONTROL 
COUNT4 NUM PERIODS4 CONTROL 


1 
2 
3 
4 
5 
6 
7 
8 


PAGE 13 PAGE 14 PAGE 15 PAGE 16 


INTER ENABLE INTERRUPTS 
INTER ENABLE INTERRUPTS 


CONFIG 
CONFIG 
CONFIG 
CONFIG 
CONFIG 
CONFIG 
CONFIG 
CONFIG 


i 
NOT cell coll ool NOE NOE 


DUDUPWNHE 

ERPWWNHNF 
t 

FF HF He HK 


DEBUG CARD CONFIG 
DEBUG 0 

DEBUG CARD STATUS 
DEBUG 0 

DEBUG CARD ID REG 
DEBUG 

DIAGNOSTICS 

DEBUG 


* = double word register 
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Table 15-3. Relationships of Commands and Registers 


Standard 
MCL/50 Register Register Register 
Commands Commands * Numbers 


WRITE, DWRITE, CONFIG (1-4) 193-200 
READ, DREAD, 
MCLIO 


CNUMBER, WRITE, READ NUM PERIODS (1-4) 145-148 
RCNUMBER MCLIO 


CCONTROL WRITE CONTROL (1-4) 177-180 
MCLIO 


COUNT, DCOUNT READ, COUNT (1-4) ** 129-132 
MCLIO 


RCOUNT, RDCOUNT READ, COUNT (1-4) ** 1-4 
MCLIO 


INTERRUPT, WRITE INTER ENABLE (1-2) 225,226 
RINTERRUPT MCLIO 


(none) READ, MCLIO INTERRUPTS (1-2) 241,242 
RCS READ, MCLIO CARD STATUS 251 


* We recommend that you use standard MCL/50 commands whenever 
possible. If you do use register commands, be careful 
that you are writing to the correct register; an incorrect 
write can cause the card to stop or to function in a way 
that you do not intend. 


*k A read from registers 1-4 returns the current value and 
restarts the count. A read from registers 129-132 returns 
the current value and does not restart the count. 


The following paragraphs give the appropriate values for the 
various registers and explain the meanings of the bit patterns 
that make up several of those values. The use of these registers 
is fully described in the HP 2250 Programmer”’s Reference Manual. 
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15.6.1 CONFIG (R193-200) 


There are two sequential registe 
counter card channel. These are 


Register Channel 

Address Configuration 
193 channel 1 firs 
194 channel 1 seco 
195 channel 2 
196 channel 2 seco 
197 channel 3 firs 
198 channel 3 seco 
199 channel 4 firs 
200 channel 4 seco 


or four data words 
configure a channe 
words to be 


Either two 

addresses to 
The four data 
function code, 


15.6.1.1 Function Code 


The function code indicates wh 


being configured. 


function code 


counting 


written 
preset/range, count-mode/preset, 


r addresses used to configure each 
all double word registers. 


t configuration register 
nd configuration register 


first configuration register 


nd configuration register 
t configuration register 
nd configuration register 
t configuration register 
nd configuration register 


must be written to 
1 to count in a particular mode. 
for configuration are the 
and trigger data. 


these register 


ich of the 10 counting modes is 


function 


1 totalize 

2 extended totalize 

3 prescale 

4 up/down count 

9 frequency 

10 period 
ll period average 

12 time interval 
13 time interval average 
14 ratio 


Any other data value is invalid. 
function code value is ignored; 
25/7 gives the same result as l, 


Update 


(Note that the upper byte of the 
so 256 gives the same result as QO, 
and so on.) 


3 
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15.6.1.2 Preset/Range 


For those counting modes which require a preset (totalize, 
prescale, up-down, ratio), the second data word is that preset. 
The preset is a 16 bit integer. For prescale and ratio modes, the 
preset cannot be 0O or 1. For totalize mode, the second word of 
data is the preset for subchannel A. 


For those counting modes which use one of the internal clock 
signals (frequency, period, period average, time interval, time 
interval average), the second data word indicates which of the 6 
internal clocks to select. This data word must be in the range l 
to 6. 


range data internal clock frequency 
1 10Hz 
2 100Hz 
3 1KHz 
4 10KHz 
5 L00KHz 
6 1MHz 


For the extended totalize mode, the value of the preset/range data 
word is meaningless. 


15.6.1.3 Count-mode/Preset 


For those functions which can be configured to count continuously 
(prescale and all of the gated functions), the third data word 
indicates whether to count continuously or only once. If a 
channel is configured with count~mode=1l, it will count 
continuously once started; that is, the count will restart 
automatically as soon as the count is complete. If count-mode=0, 
the channel is configured to count only once, and it must _ be 
started by other means described later. 


For totalize mode, the third data word is the preset’ for 
subchannel B. 


For the remaining functions (extended totalize and up/down count), 
the third data word is meaningless. 
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15.6.1.4 Trigger 


The fourth data word indicates which input edges are to trigger 
counting. The meaning of this data word varies amoung’ the 
different counting modes. 


For totalize mode, the trigger data controls the counting as 
follows: 


Trigger Subchannel A Subchannel B 
0 count rising edges count rising edges 
1 count falling edges count rising edges 
2 count rising edges count falling edges 
3 count falling edges count falling edges 


For extended totalize, prescale, and frequency modes, a trigger 
data value of O indicates that the channel count is to be 
incremented by the rising edge of the A input; a trigger data 
value of 1 indicates that the channel count is to be incremented 
by the falling edge of the A input. 


For the period and period average modes, trigger=0 indicates that 
the counting period is from the rising edge of the A input to the 
next rising edge of A; trigger=l indicates that the counting 
interval is from the falling edge of A to the next falling edge of 
A. 


For the up-down count mode, the trigger data word controls the 
counting as follows: 


Up-down Trigger 

O: count up on rising edge of A, down on rising edge of B 

1: count up on falling edge of A, down on rising edge of B 

2: count up on rising edge of A, down on falling edge of B 

3: count up on falling edge of A, down on falling edge of B 

4: count rising edges of A, up when B is high, down when B is low 

5: count falling edges of A, up when B is high, down when B is low 
6: count rising edges of A, up when B is low, down when B is high 

7: count falling edges of A, up when B is low, down when B is high 
8: count up when A lags B, down when A leads B 

9: count up when A leads B, down when A lags B 


For the time interval and time interval average modes, the trigger 
data word controls the counting as follows: 
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Trigger Time Interval 
0 rising edge of A to rising edge of B 
1 falling edge of A to rising edge of B 
2 rising edge of A to falling edge of B 
3 falling edge of A to falling edge of B 
4 rising edge of A to falling edge of A 
5 falling edge of A to rising edge of A 


For the ratio mode, the trigger data word controls the counting as 
follows: 


Trigger Ratio Counting Mode 


0 rising edge of A, rising edge of B 

1 falling edge of A, rising edge of B 
2 rising edge of A, falling edge of B 
3 falling edge of A, falling edge of B 


15.6.1.5 Writing Configuration Data 


When you write configuration data to the counter card CONFIG 
register addresses, you are actually writing to a state machine, 


not to registers. The state machine has certain expectations 
about the data that you write to it, and you must meet’ those 
expectations to get a correctly configured channel. (Since the 


configuration is done by a state machine and not by a set of 
registers, you can’t change the configuration just by writing a 
couple of new values to some registers.) 


You can configure a channel on the counter card by writing either 
two sequential single-word values or two sequential double~word 
values to the CONFIG register addresses. (If you try to write any 
other combination of words, the counter card will reject the 
configuration and set the appropriate bit in the CARD STATUS 
register.) If you write two sequential double-word values to the 
CONFIG register addresses, the words you write will be interpreted 
as follows: 


Word Written Meaning 
function code 
preset/range 
count mode 
trigger 


Ist register, word 
lst register, word 
2nd register, word 
2nd register, word 


NO rR Nb re 


If you write two sequential single-word values to the CONFIG 
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register addresses, the words you write will be interpreted in 
this way: 


Word Written Meaning 
lst register, word l function code 
2nd register, word l preset /range 


Thus, you can use single-word writes for those configurations that 
require only function code and preset/range values. Single-word 
writes can be made with the CFN or WRITE commands; double-word 
writes can be made with the ECFN or DWRITE commands. 

The counter card firmware will discard the upper byte of the 
function code and trigger words. Thus, only the low byte of the 
data written for the function-code and trigger words is 
significant. 

The two possible ways of configuring a counter card channel are 
implemented by the MCL commands CFN and ECFN. 

WRITE(slot ,config-reg,2) fen-code,preset/range 

is equivalent to 

CFN(slot,channel#) fcen-code,preset/range 

and 

DWRITE(slot,config-reg,2) fen-code,preset/range,count-mode,trigger 


is equivalent to 


ECFN(slot,channel#) fcen-code,preset/range,count-mode,trigger 


If the counter card CONFIG registers are written to in any way 
different from these examples, the corresponding channel(s) will 
be incorrectly configured. 


15.6.1.6 Configuration Completion 


The CARD STATUS register contains 4 bits used to indicate the 
configuration status of the 4 channels. If the configuration bit 
in the CARD STATUS register is set for a particular channel, the 
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channel is incorrectly or incompletely configured. Only if the 
configuration bit is clear can the channel begin counting. (The 
meanings and positions of these bits are described below, in the 
paragraphs on the CARD STATUS register.) 


When any CONFIG register address is written to, the corresponding 
channel stops counting if it is active, and waits for. the 
configuration to be completed. If all of the configuration data 
written is valid, the configuration will be completed and the CARD 
STATUS register configuration bit for that channel will be 
cleared. If any of the configuration data is not valid (e-g., 
undefined function code, trigger value out of range, invalid 
CNUMBER data), the configuration will not be completed and the 
channel cannot begin counting until correctly configured. 


15.6.1.7 Reading Configuration Data 


The data written for configuration by the ECFN and CFN commands 
(or their MCL/50 register and MCLIO equivalents) can be read back 
by the host by reading from the same register addressses that were 
written to by the configuration commands. 


To read the configuration data, do double word reads from the 2 
sequential configuration register addresses for a channel. The 
data returned will be the data that was written, except that the 
high byte of the function code and trigger data will all be O (the 
counter card firmware discards the upper byte for these data 
words). 


Unlike writing the configuration data, there is a one-to-one 
correspondence between the register read and the data returned: 


Register Read Data Returned 
function code 
preset/range 
count-mode 
trigger 


lst register, word 
Ist register, word 
2nd register, word 
2nd register, word 


NO em Bh Fe 


The MCL command RCFN will return these four data words. 


DREAD(slot#,config-reg#, 2) 
is equivalent to 


RCFN(slot#,channel# ) 
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15.6.2 NUM PERIODS (R145-148) 


The period average and time interval average modes require more 
configuration data than provided by the ECFN or CFN commands (or 
their MCL/50 register and MCLIO equivalents). These two modes 
count internal clock signals for a programmable number of periods 
or time intervals (see the descriptions above). The number of 
periods or time intervals over which the channel is to count is 
written as data to the following register addresses: 


Register 

Address Configuration 
145 channel 1 number of counting intervals 
146 channel 2 number of counting intervals 
147 channel 3 number of counting intervals 
148 channel 4 number of counting intervals 


The MCL command CNUMBER is equivalent to using the WRITE command 
to write to these register addresses: 


WRITE(slot#,number-reg#) number-of-intervals 
is equivalent to 


CNUMBER(slot#,channel#) number-of-intervals 


The period average and time interval average modes are not 
completely configured until the number of intervals data has been 
written. This data must be written after the other configuration 
data has been written to the configuration register addresses. 
The number of intervals data cannot be O or 13 other’ than that, 
any 16 bit integer value is valid. 


Channels correctly configured for other counting functions will 
become incorrectly configured if the number of intervals data is 
written to that channel. 


A double word write to these register addresses will cause the 
first word of data to be used for the number-of-intervals, and the 
second word of data will be ignored. 
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The data written by the CNUMBER command may also be read “by 
reading from the same register addresses written to by the CNUMBER 
command. The MCL command RCNUMBER will read this data word: 
READ(slot#,number-reg# ) 


is equivalent to 


RCNUMBER(slot#, channel ) 


A double word read from this register will return a Oin the 
second word. 


15.6.3 CONTROL (R177-180) 


A correctly configured counter card channel can be started, 
stopped, and continued after stopping. All of these control 
capabilities are programmed by writing to the following counter 
card register addresses: 


Register 


Addresses Control 
177 channel 1 control 
178 channel 2 control 
179 channel 3 control 
180 channel 4 control 


The MCL command CCONTROL is equivalent to using the WRITE command 
at these register addresses: 


WRITE(slot#,control-reg#) control-data 
is equivalent to 


CCONTROL(slot#,channel#) control-data 


For functions other than totalize, the control data is as follows: 
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Control 
Data Effect 
0 Stop active channel 
1 Start correctly configured channel 
2 Continue channel previously stopped 


For totalize mode, the control data is as follows: 


Control 

Data Effect 
0 Stop subchannel A 
1 Start subchannel A 
2 Continue subchannel A 
3 unused 
4 Stop subchannel B 
5 Start subchannel B 
6 Continue subchannel B 


Only the low byte of the data word is used by the counter card. 
Any value in the low byte of data, other than those listed above, 
is ignored. 


15.6.3.1 Stop Active Channel/Subchannel 


Stopping an active channel or totalize subchannel will suspend the 
counting on that channel or subchannel. For the ungated function 
(totalize, extended totalize, prescale and up-down count), the 
counting can be resumed by continuing the count (see below). A 
channel configured for a gated function cannot be continued. 
Stopping a channel that is not active, or that is not correctly 
configured will have no effect. 


15.6.3.2 Start Channel 


Starting a channel or totalize subchannel will cause the counting 
to begin. If the channel or totalize subchannel is already 
active, it will be stopped and re-started. For the ungated 
functions, any previous data will be lost when the channel is 
started. For the gated functions, the last valid count data is 
still available to be read until the channel completes the count 
again. Starting an incorrectly configured channel or subchannel 
will have no effect. 
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15.6.3.3 Continue Channel 


As described above, if the count on a channel or’ subchannel is 
stopped, it can be resumed or restarted by using the channel 
control continue command. If the channel is already active, or is 
incorrectly configured, the continue will have no effect. If the 
channel is correctly configured but has never been’ started, the 
continue will have the same effect as a_ start (control-data=l). 
If the channel is correctly configured for an ungated function but 
is not currently active, the continue command will cause the count 
to resume. If the channel is correctly configured for a gated 
function but is not currently active, the continue command will 
restart the channel. 


15.6.4 COUNT (R1-4 AND R129-132) 


sometimes you will want to read the current count from a channel 
and not affect that channel”s counting, and sometimes you will 
want to read the count and cause the channel to re-start without 
missing any counts. Both of these reading modes are supported on 
the counter card. 


Since there are two counting modes (totalize, extended totalize) 
that will return two words of valid data, each channel’s current 
count can be read as either a single word or double word value. 


Thus, there are four ways to read acount from a counter card 
channel: single word read .without re-start, double word read 
without re-start, single word read with re-start, and double word 
read with re-start. | 


For all four ways to read acount, if the channel is incorrectly 
configured, or if the channel has not been started, or if there is 
no data available yet from a channel executing a gated function, 
the count read will always be O. 


15.6.4.1. Single Word Read Without Re-start 


Reading from the following register addresses will read _ the 
current count from a channel without affecting the channel’s 
counting: 
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Register 

Address Channel 
129 channel l 
130 channel 2 
131 channel 3 
E32 channel 4 


The MCL command COUNT is equivalent to using the READ command to 
read the current count without re-starting the counter: 


READ(slot#, read-reg# ) 
is equivalent to 


COUNT(slot#,channel#) 


For a channel configured for a gated function, the count returned 
will be the last count completed. If the channel is configured to 
count continuously (count-mode=1), reading the count without 
re-start will be the usual way to read the current count. When 
the count data is read from a channel executing a gated function, 
the channel”’s new data available bit in the CARD STATUS register 
is cleared. Thus, the data available bit indicates whether there 
is new, unexamined data available. 


For a channel configured for totalize mode, the data returned for 
a Single word read without restart will be the current count on 
subchannel A. 


For achannel configured for extended totalize mode, the data 
returned for a single word read will be the low 16 bits of the 
current count. 


The data returned from a read without restart from a channel 
configured for totalize or up-down count modes will be at most 3 
milliseconds old. For the other ungated counting modes (extended 
totalize, prescale) the data returned will be current. 


Note that the data read from a channel executing the  prescale 
function in count continuous mode will never be 0O, since’ the 
channel automatically reloads the preset value and restarts 
counting after completing the previous count. 
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15.6.4.2 Double Word Read Without Re-start 


Reading two words of current count data without affecting the 
counter is done by doing a double word read from the same 
registers as the COUNT command (described above). The MCL command 
DCOUNT is equivalent to using the DREAD command to read the double 
word data: 


DREAD(slot#,count-reg# ) 
is equivalent to 


DCOUNT(slot#,channel#) 


For a channel configured in totalize mode, the first word of data 
returned will be the count for subchannel A; the second word will 


be the count for subchannel B. For a channel counting in the 
extended totalize mode, the data returned will be the two 16 bit 
words described earlier. For a channel configured for any other 


function, the first word of data will be the same as for the COUNT 
command described above, and the second word of data will be QO. 


15.6.4.3 Single Word Read With Re-start 


Reading from the following register addresses will read a 
channel”s current count and re-start the counter without losing 
any counts: 


Register 


Addresses Channel ; 
l channel 1 
2 channel 2 
3 channel 3 
4 channel 4 


The MCL command RCOUNT is equivalent to using the READ command to 
read the count data and re-start the count: oe 
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READ(slot#, read-reg#) 
is equivalent to 


RCOUNT (slot#,channel#) 


For a gated function, the count data returned will be the last 
valid count. If the channel whose data is being read was actively 
counting when the RCOUNT (or equivalent READ) command _ was 
executed, the count is aborted and re-started, the count in 
progress is discarded, and the data returned is what ever is left 
over from the last count that was completed. 


Read count with re-start is not appropriate for use with a channel 
that is configured to count continuously (count-mode=1), since the 
count is already re-started automatically when finished. Reading 
the count with re-start is more appropriate to use when the 
channel is configured to read the count only once (count-mode=0); 
then reading the count with re-start will cause the count to start 
every time it is read. 


Reading the count with re-start is very useful for channels 
configured for ungated functions: the current count can be read 
and saved, and a new count begun without missing any counts. 


If a channel is correctly configured but has not yet been started 
(by a CCONTROL command or the equivalent WRITE), reading the count 
with re-start will return zero but will start the count as if the 
appropriate CCONTROL start command had been executed. 


Reading a single word of data with re-start from a channel 
configured for extended totalize mode will return the least 
significant 16 bits of the current count, and the count will be 
re-started; thus, the most significant 16 bits of data are lost. 


Reading a single word of data with re-start from ae channel 
configured for totalize mode will return the current count from 
subchannel A, and will restart the count only on’ subchannel A. 
The count on subchannel B is not read, and is not restarted. 


Reading the count with restart from a channel configured for 
up-down count or totalize modes will return the current’ data, 
without the up to 3 millisecond lag time that the read without 
restart has. 


Reading the count with restart from a channel configured for 
prescale mode will result in a several microsecond time window 
during which counts may be lost. This is the only counting 
function which may lose counts when read with restart. We suggest 
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that you do not read with restart when using prescale mode. 
15.6.4.4 Double Word Read With Re-start 


Reading two words of data from a counter card channel and causing 
the count to re-start simultaneously is done by doing a double 
word read from the same register addresses as for the RCOUNT 
command (or equivalent READ command) described in the previous 
section. The MCL command RDCOUNT is equivalent to using the DREAD 
command to do this double word read: 


DREAD(slot#,read-reg# ) 
is equivalent to 


RDCOUNT(slot#,channel# ) 


For a channel configured for the extended totalize mode, the data 
returned will be the two 16 bit integers described earlier. 


For a channel configured for totalize mode, the data returned will 
have the current count from subchannel A in the first word, and 
the current count from subchannel B in the second word. Both 
subchannels will be restarted when a double word read with restart 
is done from a totalize subchannel. 


For a channel configured for any other counting mode, the data 
returned in the first word will be the same as described for the 
RCOUNT command, and the second word of data will be O. In either 
case, the count will be re-started simultaneously. For a channel 
configured for any counting function, if the channel is not 
active, it will be started by a read with restart. 


15.6.5 INTER ENABLE (R225,226) 


There are 20 programmable interrupting conditions on the counter 
card: 5 for each channel. The interrupts are numbered from l1 
through 32, and not all interrupts have meaning for the counter 
card. | 
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Interrupt Interrupt 
Number Condition 

1 Channel 1 (subchannel A) count complete 
2 Channel 2 (subchannel A) count complete 
3 Channel 3 (subchannel A) count complete 
4 Channel 4 (subchannel A) count complete 
b) Channel 1 subchannel B count complete 

6 Channel 2 subchannel B count complete 

7 Channel 3 subchannel B count complete 

8 Channel 4 subchannel B count complete 
17 Channel 1 (subchannel A) count overflow 
18 Channel 2 (subchannel A) count overflow 
19 Channel 3 (subchannel A) count overflow 
20 Channel 4 (subchannel A) count overflow 
21 Channel 1 subchannel B count overflow 
22 Channel 2 subchannel B count overflow 
23 Channel 3 subchannel B count overflow 
24 Channel 4 subchannel B count overflow 
25 Channel 1 count underflow 

26 Channel 2 count underflow 

27 Channel 3 count underflow 

28 Channel 4 count underflow 


No one counter card function can cause all three types of 
interrupt on a channel. 


Counting Completion Overflow Underflow 

Function Interrupt Interrupt Interrupt 
totalize yes yes no 
extended totalize no yes no 
prescale yes no no 
up-down no yes yes 
frequency yes yes no 
period yes yes no 
period average yes yes no 
time interval yes yes no 
time interval average yes yes no 
ratio yes yes no 


Each channel can be enabled to interrupt when the current count 
completes, when the count overflows, or when the count underflows. 


The interrupts are enabled by writing to the counter cards 


INTERRRUPT ENABLE register addresses. 
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Register Interrupts 


Address Enabled 
225 enable interrupts 1 through 16 
226 enable interrupts 1/7 through 32 
If a bit in one of the INTER ENABLE registers is set, the 


corresponding interrupt is enabled: 


Register Bit# Interrupt# Interrupt Enabled 
225 0 1 chan 1 (subch A) count complete 
225 1 2 chan 2 (subch A) count complete 
225 2 3 chan 3 (subch A) count complete 
225 3 4 chan 4 (subch A) count complete 
225 4 b) chan 1 subch B count complete 
225 5 6 chan 2 subch B count complete 
225 6 7 chan 3 subch B count complete 
225 7 8 chan 4 subch B count complete 
225 8 9 undefined 
225 9 10 undefined 
225 10 11 undefined 
225 ll 12 undefined 
225 12 13 undefined 
225 13 14 undefined 
225 14 15 undefined 
225 15 16 undefined 
226 0 17 chan 1 (subch A) overflow 
2 26 1 18 chan 2 (subch A) overflow 
226 2 19 chan 3 (subch A) overflow 
226 3 20 chan 4 (subch A) overflow 
226 4 21 chan 1 subch B overflow 
226 5 22 chan 2 subch B overflow 
2 26 6 23 chan 3 subch B overflow 
226 7 24 chan 4 subch B overflow 
226 8 25 chan 1 underflow 
226 9 26 chan 2 underflow 
226 10 27 chan 3 underflow 
226 11 28 chan 4 underflow 
226 12 29 undefined 
226 13 30 undefined 
226 14 31 undefined 
226 15 32 undefined 

The MCL/50 register command WRITE can be used to enable counter 


card interrupts by writing the desired bit patterns to the counter 
card register addresses explained above. If the MCL/50 register 
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command DWRITE is used to do a double word write to the INTER 
ENABLE register addresses, the second word of data for each of the 
registers will be ignored. 


The MCL command INTERRUPT can be used to write to the individual 
bits in the two counter card INTER ENABLE register addruwsses. The 
INTERRUPT command reads the two INTER ENABLE registers, changes 
the bits indicated by the command parameters and writes the new 
register contents back to the function card. 


INTERRUPT(slot#,start-bit[,number-bits]) bit-datal,...,bit-datan 


The interrupt enable state can be read from the same registers 
written to. The low level command READ can be used _ to read back 
the contents of the INTER ENABLE registers, or the RINTERRUPT 
command can be used to read just certain bits from those 
registers: 


RINTERRUPT(slot#,start-bit[,number-bits]) 


15.6.6 INTERRUPTS (R241,242) 


When an interrupting event occurs on a counter card channel, if 
the interrupt was enabled through the INTER ENABLE register, then 
the corresponding bit in the INTERRUPT registers will be set to 
indicate that the interrupt has occured, and the counter card will 
set the backplane interrupt line high, signalling an interrupt to 
the BIF card. 


Counter card interrupt status is read from register addresses 241 
and 242. The bits in these registers correspond to the possible 
interrupts in the same way as for the INTER ENABLE registers. 
When the INTERRUPT register(s) are read, the counter card firmware 
automatically resets the INTERRUPT repister(s) to OQ. This 
prevents an interrupt from being reported more than once. 


If the counter card is operating in an HP 2250, the HP 2250 
firmware will automatically read the INTERRUPT registers from 


every card that can interrupt whenever any function card 
interrupts. Thus, in the HP 2250, it is not necessary for you to 
explicitly read the INTERRUPT registers. However, it is possible 


to bypass the HP 2250s interrupt servicing by disabling 
interrupts globally with the FCI command, and then reading the 
interrupt status information from the cards. 
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15.6.7 CARD STATUS (R251) 


All of the counter card "registers" except the CARD STATUS 
register are actually memory locations in the cards 
microprocessor. The CARD STATUS register is a physical register 
on the card. The reason the CARD STATUS register is outside the 
microprocessor is that it is important for the host to be able tc 
read the register even if the card is busy; thus, it must _ be 
independent of the counter card”s processor. 


The CARD STATUS register indicates whether the card is busy; whick 
channels are correctly configured; and which channels’ have data 
available to be read. 


Bit # Card Status Register Meaning (when set) 

8) data available from channel l 

1 data available from channel 2 

2 data available from channel 3 

3 data available from channel 4 
4 channel 1 incorrectly/incompletely configured 
5 channel 2 incorrectly/incompletely configured 
6 channel 3 incorrectly/incompletely configured 
7 channel 4 incorrectly/incompletely configured 
8 undefined 
9 undefined 


10 undefined 
ll undefined 
12 undefined 
13 undefined 
14 undefined 
15 card busy 


For a channel configured for totalize mode, the data available 
status register bit for that channel will be set when either 
subchannel is started. 


The CARD STATUS register can be read from register address 25l. 
The MCL command RCS can be used to read the individual bits from 
the CARD STATUS register. This command reads the 16 bit contents 
of the CARD STATUS register from the card and extracts just the 
bits requested by the command parameters: 


RCS (slot#,start-bit[,number-bits] ) 
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15.7 PIN ASSIGNMENTS AND CABLING 


There is 
Table 15-4 


pins. 


Table 15-4. 


The connection 


shows the 


one card connector (connector 
signals that 


The connector numbering scheme is 
the end of Section III of this manual. 


Al) on the 
are routed 
shown in figure 3-11, 


counter 
to the 


CONNECTION 


Diagnostic A + 


not use 


d 


Diagnostic B + 


card ground 


Channel 
Channel 
Channel 
Channel 


Channel 
Channel 
Channel 
Channel 


Channel 
Channel 
Channel 
Channel 


Channel . 


Channel 
Channel 
Channel 


between the counter card 


and the field 


made with one of two field wiring assemblies (FWAs): 


HP 25550A (digital card FWA with screw terminations) 


25550-60003 (digital card FWA, 


Note 
cables, 


that the 


HP 25550A 


has two 


sets 


of 


unterminated ) 


card connectors 


but that only one set is used with the counter card. 
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Section XVI 
HP 25515 4-Channel Pulse Output 


16.1 INTRODUCTION 


This section provides information for the HP 25515 Pulse Output 
Card. Included are specifications and’ a functional description. 
Installation information: for the card is provided in the HP 225 
Installation and Start-Up Manual, part number 02250-90012. 


16.2) DESCRIPTION 


The HP 25515 Pulse Output Card, shown in figure 16-1, generates 
Square wave pulse output on four channels, at rates up to 10,000 
pulses per second. Pulses may be output either continuously 
("frequency generation mode") or as a fixed-length train of pulses 
("pulse generation mode"). Signal conditioning modules, described 
below, allow a variety of output voltage levels. Pulse outputs 
are provided in formats suitable for direct connection to stepper 
motor translators. In addition, inputs on each channel allow the 
connection of external signals that can be used to stop the output 
of pulses. 


I/O signals. Each channel has two output lines and two input 
lines. The output lines, labeled A and B, can be configured for 
one of the two formats commonly used by stepper motor translators: 


1) all pulses on line A and direction on line B, or 


2) pulses for one direction on line A and pulses for the other 
direction on line B | 


where direction refers to the direction of rotation of the stepper 
motor, clockwise or counter-clockwise. 


The two input lines of each channel are limit inputs, one for 


clockwise pulses and one for counter-clockwise pulses. When the 
limit for a particular dirertion is asserted, the output pulses 
for that direction stop. The input lines can be connected to 


limit switches and used to stop a stepper motor before it reaches 
the end of its travel. 
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Figure 16-1. HP 25515 Pulse Card 
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The sense (polarity) of the output pulses and the input limit 
signals can be controlled by the software. Refer to the 
Programmer’ s Manual for details. 


Output modes. Each channel of the pulse card can output pulses in 
two modes: frequency generation mode and pulse generation mode. 
In frequency generation mode, the pulse card generates a 
continuous stream of pulses at the same rate. This pulse stream 
is started by a standard MCL/50 command; it goes on indefinitely 
until it is stopped by another command or by limit inputs on the 
input lines. You need specify only the minimum pulse rate and the 
width of the pulses to define the pulse stream in frequency 
generation mode, and you can vary those parameters while the pulse 
stream is in progress. The Programmer”’s Manual describes” the 
commands you use in frequency generation mode. 


In pulse generation mode, the pulse card generates a pulse train 
of predetermined length and profile. (See figure 16-2.) The 
pulse train starts at a minimum pulse rate and accelerates until 
it reaches a maximim pulse rate. It continues at the maximum rate 
for a time, then decelerates to the minimum rate and stops. You 
specify the minimum rate, maximum rate, acceleration, pulse width, 
and total number of pulses in the pulse train. (The standard 
MCL/50 commands that specify these parameters are described in the 
Programmer’ s Manual.) 


SMALL a NUMBER 
NUMBER OF PULSES 
OF PULSES 


SLOPE = ACCELERATION 
IN HERTZ/SECOND 


Figure 7-2: Pulse Rate vs. Time Profile in Pulse Generation Mode 
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After the pulse train decelerates to the minimum pulse rate, the 
pulse card outputs four or five more pulses at the minimum rate 


before stopping. These extra pulses are referred to as_ the 
“trailing plateau". The trailing plateau contains four pulses if 
the pulses are clockwise in direction, five pulses if 


counter-clockwise. Note that the first pulse at the minimum rate 
is part of the deceleration of the pulse train; that pulse is not 
counted as part of the trailing plateau. 


The deceleration rate of the pulse train is the same as7~ the 
acceleration rate that you specify when you define the pulse 
train. The pulse card calculates the starting point of the 
deceleration so that the total number of pulses in the entire 
pulse train (including the trailing plateau) is the same as the 
number that you specify. If half the number of pulses have been 
generated before the maximum rate is attained, deceleration starts 
immediately. (As with a pulse train that reaches the maximium 
rate, there is a trailing plateau of four or five pulses.) 


Pulse generation mode is started with a standard MCL/50 command. 
It can stop in one of four ways: 


1) The pulse train can complete normally. 
2) A limit input can stop the pulse train. 
3) An MCL/50 command can abort the pulse train immediately. 


4) An MCL/50 command can cause the pulse rate to decelerate to 
the minimum rate’ and stop (without any trailing plateau). 


Pulse parameters. The pulse parameters that define a stream of 


pulses (in either frequency generation mode or’ pulse generation 
mode) are: 


MINRATE. In frequency generation mode, this specifies the 
pulse rate. In pulse generation mode, this specifies the 
minimum pulse rate (the starting and ending rate) for the 
pulse train. MINRATE is in units of 0.5 pulses per 
second -- that is, the actual pulse rate is MINRATE * 0.5 
pulses per second. In pulse generation mode, MINRATE 
must be a positive integer between 0O and 19999; in 
frequency generation mode, MINRATE must be between O and 
20000. 


MAXRATE. In pulse generation mode, this is the maximum pulse 
rate that the pulse train can attain. The scaling and 
constraints are the same as for MINRATE. MAXRATE must be 
greater than or equal to MINRATE. 
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MAXRATE has no meaning in frequency generation mode. 


ACCEL. In pulse generation mode, this specifies the rate at 


which the pulse train will accelerate from MINRATE to 
MAXRATE. The actual acceleration rate is linear, and is 
set equal to ACCEL ¥*(625/32). ACCEL must be an integer 
between 1 and 32767. Acceleration is in units of pulses 
per second per second. 


ACCEL has no meaning in frequency generation mode. 


WIDTH. This sets the width of the pulses. Pulse widths are in 


units of 50 microseconds, and the actual pulse width is 
equal to WIDTH * 50 microseconds. WIDTH must be an 
integer between 0 and 32767. Some additional 
restrictions on pulse width are discussed in the next few 
paragraphs. 


NUMBER of pulses. In pulse generation mode, this gives’ the 


(Full 


total number of pulses in the pulse train and_ the 
direction of the pulses (clockwise or counter-clockwise). 
This value must be an integer between -32768 and 3276/7, 
excluding 0. If NUMBER is positive, the pulses’ are 
clockwise; if NUMBER is negative, the pulses are 
counter-clockwise. The number of pulses in the pulse 
train is equal to the absolute value of NUMBER. 


In frequency generation mode, only the sign of NUMBER has 
significance. 


details on these parameters, and others, are given in the 


Programmer’s Manual.) 


Note that a number of limitations apply to the parameters listed 


above. 


1) 


2) 


3) 


These are: 


The pulse card is designed so that pulses can be triggered 
only on 100-microsecond boundaries. Thus, actual pulse 
periods are always multiples of 100 microseconds. 


If you desire a pulse period that is not a multiple of 100 
microseconds, the pulse card mixes pulses of different 
periods (in multiples of 100 microseconds) to produce a 
pulse train that averages the desired period. For instance, 
if you request a pulse train with a period of 160 
microseconds, the pulse card will mix 100-microsecond and 
200-microsecond pulse periods so that the average pulse 
period equals 160 microseconds. 


To guarantee proper pulse transitions, the pulse width must 
always be at least 50 microseconds less than the minimum 
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pulse period. Note that this can have some subtle effects, 
due to the pulse width averaging explained in the previous 
item. For example, if you had requested pulses with a 
160-microsecond period, you might assume that you could use 
a pulse width of 100 microseconds (the largest multiple of 
50 microseconds that is at least 50 microseconds less than 
the pulse period). This would not work, however, since the 
pulse card would mix 100-microsecond and 200-microsecond 
pulse periods to average 160 microseconds, and ae pulse 
width of 100 microseconds would be too wide for a 
100-microsecond pulse period. Thus, you would have to use a 
pulse width of 50 microseconds with pulse periods that 
averaged 160 microseconds. 


It is possible to specify pulse parameters that are outside 
the acceptable ranges listed above, or that violate the 
limitations listed here, and still get the pulse card to 
output a stream of pulses. Don’t do it. Such a pulse 
stream is not reliable, and you can”“t be sure of what youre 
getting. Make sure that your pulse parameters are within 
acceptable ranges. 


SPECIFICATIONS 2 


16-1 gives the specifications of the HP 25515 Pulse Card. 
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Table 16-1. HP 25515 Pulse Card Specifications 


FEATURES 


Square wave output on four independent channels 


Each channel programmed independently 


Continuous output or pre-defined pulse train 
Outputs for stepper motor translators 
Frequency ramping for stepper motor control 


Limit switch inputs 


APPLICATIONS 


Provides pulse output for control of stepper motor trans- 
lators, set point controllers, and so on. 


PROGRAMMING INFORMATION 
POC command: Configure channel for pulses 
PRATE command: Set pulse rate 
PNUMBER command: Set number of pulses 
PCONTROL command: Start or stop pulse train 
INTERRUPT command: Specify function card. interrupts 
RREM command: Read number of pulses remaining 
RCS command: Read card status 


RINTERRUPT command: Read interrupt mask 
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Table 16-1. HP 25515 Pulse Card Specifications, continued 


PULSE CHARACTERISTICS 
Initial or final pulse rate: 
O to 9999.5 pulses/second in pulse generation mode 
O to 10000 pulses/second in frequency generation mode 
Pulse period resolution: 100 microseconds 


Pulse rate resolution: 0.5 pulses/sec 


Acceleration rate: 0 to approx. 640,000 pulses/sec/sec 


Acceleration resolution: approx. 20 pulses/sec/sec 


Number of pulses: 1 to 32767, or continuous pulse train 
Pulse width: 50 to 1,638,350 microseconds 
Pulse width resolution: 50 microseconds 


Accuracy (MCI clock): 0.014 


PHYSICAL CHARACTERISTICS 
Width: 34.8 cm (13.54 in.) 
Depth: 28.91 cm (11.38 in.) 
Height: 3.5 cm (1.38 in.) 


Weight: 680 grams (1.5 lb.) 


16.4 SIGNAL CONDITIONING 


16.4.1 OUTPUT SCMS 

Each pair of channels on the pulse card requires a 4-channel 
digital output signal conditioning module (SCM). This may be any 
of the standard 4-channel digital output SCMs (HP 25543-, 25544-, 
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or 25546-series). Note, however, that the fast switching speeds 
of the FETs in many of these SCMS can cause transmission line 
ringing.~. We recommend, therefore, that you use the following SCMs 
with the pulse card whenever possible: 


HP 25544A (open drain, non-isolated output) 
HP 25546A (5 volt dc, buffered, non-isolated output) 


The HP 25544A can accept a termination resistor to suppress 
ringing and still operate at full speed, and the buffering of the 
HP 25546A eliminates the ringing problem. 


Refer to the Hardware Reference Manual for full details on the 
SCMs. 


16.4.2 INPUT SCMS 


The pulse card requires two 4-channel input SCMs for’ the limit 
inputs. These may be any of the standard 4-channel digital input 
SCMs. 


We particularly recommend the following commonly used SCMs: 


HP 25535B (5 Vdc, non-isolated source input) 
HP 25535C (12 Vdc, non-isolated source input) 
HP 25535L (12 Vdc, non-isolated sink input) 
HP 25537P (5 Vdc, isolated input) 

HP 25537Q (12 Vdc, isolated input) 


Refer to the Hardware Reference Manual for more information on 
digital input SCMs. 


16.55 FUNCTIONAL DESCRIPTION 


Figure 16-3 shows a functional block diagram of the HP 25515 Pulse 
Card. 
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Figure 16-3. HP 25515 Functional Block Diagram 
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16.5.1 MAIN CONTROLLER 


The main controller of the pulse card contains the counters and 
logic for executing the microinstruction set, which is stored in 
ROM. The controller steps through a 100-state loop, controlled by 


a 1 mHz clock. (This gives the pulse card its fundamental 
100-microsecond pulse interval.) In each state it executes a 
24-bit microinstruction that controls data flow, arithmetic 


operations, addressing, or a similar function. 
The main controller carries out two principal functions: 


1) servicing backplane requests. This involves transferring 
data between the backplane and card (on-board) RAM, in 
either direction. 


2) controlling the pulse train. This includes controlling the 
rate and width of the pulses on each of the four channels of 
the card. 


16.5.2 ARITHMETIC CONTROLLER 


The arithmetic controller of the pulse card contains an arithmetic 
logic unit (ALU) for performing arithmetic functions, and 128 
words of RAM. Each word of RAM is a 16-bit register; taken 
together, these registers are addressable as registers 129 through 
256 of the pulse card. These registers are used to- store 
user-assigned parameter values, as well as constants and temporary 
variables used by the state machine. The register map later in 
this chapter describes the registers that are available for your 
use. 


The contents of RAM are loaded from ROM following each SYstem 
Normalize or RESet command or card power-up.e- As soon as~— RAM is 
initialized, the main state machine begins executing. Note that 
some of the values that are initialized in RAM are constants used 
by the main state machine. If you overwrite any of these values 
using MCL/50 register (WRITE) commands or MCLIO commands, the 
pulse card may give you unexpected results or no results at all. 
You can recover from this situation by issuing a SYN or RES 
command, or by turning off the power to the card and turning it on 
again. 


Update 3 
16-11 


HP 25515 


16.5.3 OUTPUT LOGIC 


There are two output lines (A and B) for each of the four channels 
of the pulse card. You specify, using standard MCL/50 
configuration commands, the format of the pulses output on the two 
lines and the sense of those pulses. The logic in the output 
section of the card reads the configuration information from RAM 
and acts on the pulses accordingly. 


There is also timing circuitry in the output section that controls 
the pulse width at 50-microsecond intervals. Since the main state 
machine can only control the pulse state every 100 microseconds, 
an external 50-microsecond timer is included in the output section 
to double this reslolution. The main state controller outputs the 
pulse state every 100 microseconds, along with an instruction that 
tells whether or not to change the pulse state after 50 
microseconds. The timing circuitry decodes these instructions and 
outputs the appropriate pulses. 


All output MJlines (A and B for each channel) pass’ through final 
output latches. These lines are synchronized with the 1 mHz clock. 
that controls the main state machine, and pulses for all channels 
are output synchronously. (It is possible to synchronize _ the 
pulses on multiple cards by turning off the immediate execute 
(1IEX) signal before the pulse you set up the pulse trains and then 
executing them all at the same time with a trigger to the execute 
(XCUT) line.) 


Output pulses pass through signal conditioning modules (SCMs). 
All SCMs that are compatible with the pulse card are 4-point SCMs; 
thus, they will condition the output lines for two channels. 
Channels 1 and 2 are controlled by one SCM, channels 3 and 4 by 
another. Note that the output SCMs invert the sense of the 
pulses. In this manual, all descriptions of output pulse sense 
assume that SCMs are in place on the card and that the pulses are 
being read at the outputs of the SCMs. 


16.5.4 INPUT LOGIC 


Each of the four channels on the pulse card has two input lines. 
These lines are used as limit inputs; one line controls pulses in 
the clockwise direction and the other controls pulses in the 
counter-~clockwise direction. When an input limit goes true, all 
pulses in that direction are stopped immediately. 


Limit input signals come into the pulse card through two 
four-channel SCMs. One SCM covers the input lines for channels l 
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and 2; the other SCM covers channels 3 and 4. The card is 
designed so that, in the default state, low or unconnected inputs 
yield false limits. 


Each channel can be configured so that the sense of the limits on 
that channel is inverted (that is, so that low inputs yield true 
limits and high inputs yield false limits). You can do this using 
standard MCL/50 commands; the configuration information is stored 
in the channel configuration registers in RAM. 


Once every 100 microseconds the main state machine reads the state 
of each limit input and checks the configuration register to see 
whether the sense is to be inverted. If the resulting limit is 
true, the pulse train for that direction and that channel is 
stopped. 


16.5.5 INTERRUPT AND STATUS LOGIC 


Each channel of the pulse card can generate an interrupt on one of 
two conditions: 


1) normal completion of the pulse train 
2) termination of the pulse train by limit input signal 


Note that, for interrupt purposes, the use of an MCL/50 command to 
abort or prematurely decelerate a pulse train is considered to be 
normal completion. 


There are eight possible interrupts that can be generated by a 
pulse card (2. conditions per channel times 4 channels). 
Interrupts are enabled by using a high level command to-~ set 
appropriate bits in the INTERRUPT ENABLE register. The main state 
machine checks for interrupts once every 100 microseconds; if one 
of the interrupt conditions occurs and that interrupt is enabled, 
the corresponding bit in the INTERRUPT register is set. (The 
paragraphs below on “Register Assignments" describe the registers 
and the meanings of the bits in the registers.) 


Interrupts collect in the INTERRUPT register until that register 
is read; after it is read the INTERRUPT register is cleared. The 
INTERRUPT register can be read by an explicit command from the 
user or implicitly by the system if function card interrupts are 
enabled (by the FCI command). 


The output status of the pulse card is shown by bit settings in 
the STATUS register. For each channel, the STATUS register can 
show up to two conditions: 
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1) a pulse train is in progress on that channel 
2) the channel is waiting for a strobe signal | 


The meanings of the bits in the STATUS register are described in 
the paragraphs on "Register Assignments", below. 


16.6 REGISTER ASSIGNMENTS 


The pulse card derives the information it needs from the values 


stored in the card registers. Each register holds one 16-bit 
integer word. Table 16-2 shows the register assignments for the 
pulse card. You can set or examine the values in the registers 


using standard MCL/50 commands, MCL/50 register commands (READ and 
WRITE), or MCLIO commands. (Refer to the Programmer”s Manual and 
the Automation Library Manual for details.) Table 16-3 shows 
which commands affect which registers. The meanings of the values 
in the individual registers are given after table 16-3. 


Table 16-2 shows only “external” registers, the ones that you will 
generally use in programming the card. In addition, there are 
several "internal" registers that are not shown; these registers 
are used by the card as scratch areas for’ storing intermediate 
values. You can directly address any of the registers on the card 
using MCL/50 register commands (READ and WRITE) or MCLIO commands. 
Be careful when you write to the registers on the card, for the 
reasons given in the following cautionary note. 


DO NOT write to registers that are not listed in 
table 16-2. Writing to unlisted registers can 
disturb the values stored there and can cause the 
pulse card to malfunction. Similarly, DO NOT 
write improper values to the listed registers, as 
improper values can also cause the card _ to 
malfunction. (Appropriate values for the listed 
registers are given after table 16-3.) We 
recommend that you use standard MCL/50 commands 
whenever possible, as those commands will address 
only the correct registers. If you do make a 
mistake and cause the card to malfunction, you can 
recover by issuing a system reset command; this 
will reset the card (as well as the system) and 
cause the initialization values to be read from 
ROM storage into the registers. 
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Table 16-2. Pulse Output Card Register Assignments 


1 
2 
3 
4 
5 
6 
7 
8 


CON DU & WwW NH Fe 
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Table 16-2. Pulse Output Card Register Assignments, Continued 


PAGE 10 PAGE ll PAGE 12 © 


_ _ 


PAGE 13 PAGE 14 PAGE 15 PAGE 16 


MINRATE 
MAXRATE 
ACCEL 
WIDTH 
MINRATE 
MAXRATE 
ACCEL 
WIDTH 


NUM PULSES Il REM PULSES 1 
NUM PULSES 2 REM PULSES 2 
NUM PULSES 3 REM PULSES 3 

4 4 


PULSES PULSES 


CONDO HE WN 


CONTROL INTER ENABLE INTERRUPTS 
CONTROL 
CONTROL 
CONTROL 


CONDE HWM 
NOTE NOE NO Do lll ell cel ed 


MINRATE CONFIGURE 


MAXRATE CONFIGURE | 
ACCEL CONFIGURE CARD STATUS 
WIDTH CONFIGURE 

MINRATE CARD ID 
MAXRATE 

ACCEL 

WIDTH 
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Table 16-3. Relationships of Commands and Registers 


Standard 
MCL/50 Register Register Register 
Command Command * Numbers 


WRITE, READ CONFIGURE (1-4) 233-236 
MCLIO 


WRITE, MINRATE (1-4) 193,197,201,205 
MCLIO MAXRATE (1-4) 194,198, 202,206 
ACCEL (1-4) 195,199, 203, 207 
WIDTH (1-4) 196,200, 204, 208 


PNUMBER WRITE, NUM PULSES (1-4) 129-132 
MCLIO 


PCONTROL WRITE, CONTROL (1-4) 209-212 
MCLIO 


INTERRUPT WRITE, INTER ENABLE 225 
MCLIO 


RREM READ, MCLIO REM PULSES (1-4) 145-148 
RCS READ, MCLIO CARD STATUS 251 
RINTERRUPT READ, MCLIO INTER ENABLE 225 
(none) READ, MCLIO INTERRUPTS 241 


(none ) READ, MCLIO LIMIT MIRROR 161 


* We recommend that you use standard MCL/50 commands whenever 
possible. If you do use register commands, be particularly 
careful when you write to the registers on the card. Make 
sure that you are writing the correct value to the correct 
register; an incorrect write can cause the card to stop 
functioning or to function in a way that you do not intend. 
If you find yourself in such a situation, use a system reset 
to restore the card (and the system) to its original state. 


The following paragraphs give the appropriate values for. the 
various registers and explain the meanings of the bit patterns 
that make up several of those values. Note that the pulse card 
has no mechanism to prevent‘ you from supplying an inappropriate 
value, or to prevent you from writing to a register that is 
reserved for internal use by the card. Take care to write proper 
values to the right registers. 
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CONFIGURE (R233-236) 


determine t 
meanings: 
Bit 


Number 


The default 
(bit 2 set, 


16-18 


-- The bits that are set in this’ wore 


he configuration of the channel. Only four bit: 
(bits O through 3) are significant; they have the followin; 


Value 


Meaning 


Clockwise pulses appear on output line A. 
counter-~clockwise pulses appear on line B. 


Pulses for both directions appear on output 


line A; the pulse direction is indicated or 
line Be. (A high output state on line |! 
indicates clockwise pulses, and a low output 
state indicates counter-clockwise pulses.) 


Output pulses are inverted: true pulses yielc 
low outputs. (If the channel is configurec 
to output only pulse direction on line BB, 
this setting does not affect line B.) 


Output pulses are normal: true pulses yield 
high outputs. 


Limit inputs are inverted: a value of 0O ir 
the LIMIT MIRROR register yields a true limit 
condition; a value of 1 yields a false limit 
condition. (Refer to the explanation of the 
LIMIT MIRROR register, below.) 


Limit inputs are normal: a value of O in the 
LIMIT MIRROR register yields a false limit 
condition; a value of 1 yields a true limit 
condition. (Refer to the explanation of the 
LIMIT MIRROR register, below.) 


The channel is configured for pulse 
generation mode. 


The channel is configured for frequency 
generation mode. 


(power-up) value of the CONFIGURE register is 4 
all other bits clear). | 
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MINRATE (R193,197,201,205) -- This determines the starting and 
ending pulse rate in pulse generation mode, or the continuous 
pulse rate in frequency generation mode. The actual pulse rate 
is (MINRATE * 0.5) pulses per second. In pulse generation mode 
MINRATE must have an integer value between O and 19999; in 
frequency generation mode MINRATE must’ be between O and 20000. 


MAXRATE (R194,198,202,206) -- This determines the maximum rate 
that the pulse train can attain in pulse generation mode. (It 
has no meaning in frequency generation mode.) The scaling and 
constraints are the same as for MINRATE. MAXRATE must _ be 
greater than or equal to MINRATE. 


ACCEL (R195,199,203,207) -- This determines the rate at which the 
pulse train will accelerate from MINRATE to MAXRATE in pulse 
generation mode. (It has no meaning in frequency generation 


mode.) The actual acceleration rate is linear, and is equal to 
(ACCEL * (625/32)) pulses per second per second. ACCEL must be 
an integer value between 1 and 32/767. (To get an acceleration 
of 0, set MAXRATE equal to MINRATE.) 


WIDTH (R196,200,204,208) -- This controls the width of the pulses 
(the duration for which they are true). Actual pulse width is 
(WIDTH * 50) microseconds. WIDTH must be in the range of O to 
32767. The pulse width must be at least 50 microseconds less 
than the shortest pulse interval in a pulse train. 


NUM PULSES (R129-132) -- This number determines the number’ and 
direction of pulses in a pulse train. NUM PULSES must be an 
integer value between -32/68 and 32/6/, excluding O. In pulse 
generation mode, the number of pulses in the train is equal to 
the absolute value of NUM PULSES. The direction of the pulses 
is indicated by the sign of NUM PULSES: a positive value 
indicates clockwise pulses anda negative value indicates 
counter~clockwise pulses. In frequency generation mode the 
sign of NUM PULSES indicates the direction; the absoulute value 
has no significance. 


CONTROL (R209-212) -- This controls the generation of pulses for 
a particular channel. There are three acceptable values: 
3 Start the generation of pulses. 
8 Stop pulse generation immediately. 

10 Decelerate the pulse train from its current ' rate to 
MINRATE, then stop pulses. (There will be no trailing 
plateau.) 
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Any other values may give unpredictable results. 


Note that the channel must be explicitly stopped (control = & 
or 10) before changing modes or before starting a new train ir 
pulse generation mode. 


INTER ENABLE (R225) -- This is an interrupt mask register’ that 
controls which interrupts are generated. Only the first eight 
bits (bits O through 7) of this register are significant. When 
a bit is set (= 1) the corresponding interrupt is enabled; when 
it is cleared (= 0) that interrupt is disabled. The 
correspondence between the bits and the interrupts is: 


High Decimal 


Channel Bit Level Value 

Function Number Number Code (Set) 
Interrupt on normal 1 0 1 1 
pulse train 2 1 2 2 
completion (including 3 2 3 4 
user abort) 4 3 4 8 
Interrupt on pulse 1 4 5 16 
train termination 2 5 6 32 
by limit inputs 3 6 7 64 
4 7 8 128 


Note that premature stopping of the pulse train using CONTROL 
values of 8 or 10is treated as normal completion by the 
interrupt system. 


The standard MCL/50 commands used for accessing the 
INTER ENABLE register (INTERRUPT for setting bits, RINTERRUPT 
for examining their values) deal in bit patterns. The 


analogous MCL/50 register commands (WRITE and READ) use the 
decimal values equivalent to those bit patterns. Refer to the 
Programmer’s Manual for details. Note also that the RINTERRUPT 
command gives you the value of the interrupt mask (the 
INTER ENABLE register). If you need to examine the interrupts 
that have been generated (the INTERRUPT register), you must use 
a READ command or an MCLIO command. 


REM PULSES (R145-148) -- This register shows the number of pulses 
remaining in the pulse ttain for a given channel. A positive 
number indicates that the remaining pulses are clockwise in 
direction, a negative number indicates counter-clockwise 
pulses. In frequency generation mode, only the sign of the 
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number is significant; the magnitude is meaningless. 


CARD STATUS (R251) -- This register gives the status of the card, 


in the following terms: 


Bit Channel Meaning 


0 1 If set, pulses are in progress 
1 2 on that channel. 

2 3 

3 4 

4 1 If set, pulses are waiting for 
5 2 strobe on that channel. 

6 3 

7 4 


Note that the standard MCL/50 command (RCS) returns information 
as a series of bits, whereas the MCL/50 register command (READ) 
returns an equivalent decimal value. 


INTERRUPTS (R241) -- This register shows which interrupts have 


occurred on the pulse card. Eight bits are used to’ show the 
interrupt status of the four channels. A set bit (= 1) 
indicates that the corresponding interrupt has occurred, and a 
clear bit (= 0) indicates that no interrupt has occurred. The 
bits have the following meanings: 


Decimal 
Bit Value Channel 
Number (Set) Number Meaning 


0 1 1 Interrupt has occurred 
1 2 2 on normal pulse train. 
2 4 3 completion (including 
3 8 4 user abort). 


4 16 1 Interrupt has occurred 
5 32 2 on pulse train 

6 64 3 termination by limit 

7 128 4 inputs. 


Note that premature stopping of the pulse train using CONTROL 
values of 8 or 10is treated as normal completion by the 
interrupt system. | 


When you read the value of the INTERRUPT register with a READ 
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command, the results are returned as a decimal integer value. 
not as a series of bits. 


The INTERRUPT register is cleared after it is read. A read o:% 
the INTERRUPT register can be caused in two ways: 


1) You can read it explicitly, with a READ command or ar 
MCLIO command. 


2) The system will read it automatically if function card 
interrupts are enabled (FCI = 1). 


When a pulse train completes, the interrupt occurs on the 
rising edge of the last pulse. This can cause a_ problem in 
some situations. If the channel is generating very wide 
pulses, the interrupt can be generated and serviced before the 
‘last pulse has completed, and before the main state machine can 
update the CONTROL register at the completion of the pulse 
train. If the interrupt schedules another task that starts a 
new pulse train on the same channel (an action that involves 
writing a new instruction to. the CONTROL register), the new 
pulse train can contain an extra pulse. You can avoid problems 
in this area by having the interrupt-scheduled task check the 
CARD STATUS register to make sure that the old pulse train has 
completed before the new one is started. 


LIMIT MIRROR (R161) -- Bit settings in this register reflect the 
pulse card’s perception of the state of the limit inputs at the 
time that the register is read. (Due to differences in SCM 
types, the card”°s perception may not match reality, as is 
explained below.) A set bit (= 1) indicates a true limit 
input; a clear bit (= 0) indicates a false limit input. The 
meanings of the bits are: 


Decimal 
Bit Value : 
Number (Set) Channel Direction 
0 1 1 Counter-~clockwise 
1 Z 2 
2 4 3 
3 8 4 
4 16 1 Clockwise 
5 32 2 
6 64 8 
7 128 4 
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The relationship between the logic level input to the SCM from 
the field wiring and the value stored in the LIMIT MIRROR 
register varies according to the type of SCM _ used. The 
possible relationships are: 


Input to Limit SCM 


Source 


Pnme P oo 


This matrix shows the value stored in 
the LIMIT MIRROR register for a given 
combination of input logic level and 
SCM type. Source-type SCMs include 
HP 25535B-E. Sink-type SCMs include 
HP 25535K,L. Isolated SCMs include 
HP 25537P-W. 


MO Wd ct 


* NC = not connected 


Note that the LIMIT MIRROR register indicates the perceived 
state of the input lines. It does not take into account any 
sense inversion that may be specified by the settings of bit 2 
of the CONFIGURE registers. 


The MCL/50 register command (READ) will return limit input 
Status as a decimal integer value. 
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16.7 PIN ASSIGNMENTS AND CABLING 


There are two card connectors (A3 and A4) on the pulse card 
Table 16-4 shows the signals that are routed to the connecto 
pins. The connector numbering scheme is shown in figure 3-ll, a 
the end of Section III of this manual. 


Table 3-1. HP 25515 1/0 Connector Pin Assignments 


CONNECTOR PINS CONNECTION F CONNECTOR PINS CONNECTION 


not used 


not used 


es Chan. 1 At a Che 1 CW 

2 Chan. 1 A- 2 Ch. 1 CW- 

3 Chane 1 Bt 3 Ch. 1 CCWt 
4 Chan. 1 B- 4 Ch. 1 CCW- 
1 Chan. 2 At 1 Ch. 2 CWt 

2 Chan. 2 A- 2 Che 2 CW- 

3 Chan. 2 Bt 3 Che 2 CCWt 
4 Chan. 2 B- 4 Che 2 CCW- 
1 Chan. 3 At 1 Che 3 CW 

2 Chan. 3 A- 2 Ch. 3 CW- 

3 Chane 3 Bt 3 Ch. 3 CCWHt 
4 Chan. 3 B- 4 Ch. 3 CCW- 
i Chan. 4 At 1 Ch. 4 CWt 

2 Chan. 4 A- 2 Ch. 4 CW- 

3 Chan. 4 Bt 3 Ch. 4 CCWH+ 
4 4 4 4 


Chan. B= Ch. CCW- 


The A and B lines on connector A3 are output lines. Bit 
settings in the CONTROL registers determine what signals are 
output on those lines. The CW and CCW lines on connector A4 
are limit input lines for limiting pulses in the clockwise 
and counter-clockwise directions, respectively. 


The connection between the pulse card and the field wiring is mad 
with one of two field wiring assemblies (FWAs): 


HP 25550A (digital card FWA with screw terminations) 


HP 25550B (digital card FWA, unterminated) 
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A 
Address buffer, 2-8 
Address counter latch, 2-8 
Address decoder, 2-8 
Address format, 3-17 
Address latcn, 2-8 
Address strobe, 3-9 
Addressable registers, 3-40 
Addressing, 2-6, 2-9 
function cards, 3-14 
register, 3-30, 3-36 
Analog function cards, 3-26 
Autoranging, 4-11 


B 


Backplane, 2-4 


Backplane interface, 1-8, 2-4, 3-1, 
Backplane signal distribution, 3-22 


Backplane signals, 3-5 
Backplane wiring, 3-18 
BIF, 1-65. 2-45. 321, 3274 


Bus 
MCI, 3-3 
power, 3-3 
GC 
Cabling 


funetion cards, 3-42 
HP 25501, 4-16 
HP 25502, 5-15 
HP 255035. 0= 16 
HP 25504, 7-21 
HP 25510, 8-12 
HP 25511, 9-20 
HP 25512, 15-39 
HP 25513, 10-16 
HP 25514, 11-19 
HP 25515, 16-24 
HP 25516, 12-23 
Calibration 

HP 25501, 4-17 
HP 25502, 5-15 
HP 25503, 6-16 
HP 25504, 7-22 
HP 25510, 8-12 
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Card configuration register, 3-32 
Card slots, 2-8 © 
Card status register, 3-42 
Clock signals, 3-5 
Configurations, 1-3 
Connector pin assignments 

HP 25501, 4-16 

HP 25502, 5-14 

HP 255034 0=15 

HP 25504, 7-20 

HP 25510, 8-12 

HP 25511, 9-19 

HP 25512, 15-39 

HP 25513, 10-15 

HP 25514, 11-18 

HP 25515, 16-24 

HP 25516, 12-22 
Controller, 2-1, 2-9 


D 


Daisy chain, 1-8, 3-8, 3-20 
Data register, 3-32 
Description 
BIF functional description, 3-14 
functional, 1-8 
HP 2104 functional, 2-4 
HP 25501, 4-1 
HP 25501 functional, 4-11 
HP 25502, 5-1 
HP 25502 functional, 5-9 
HP 25503, 6-1 | 
HP 25503 functional, 6-10 
HP 25504, 7-1 
HP 25504 functional, 7-11 
HP 25510, 8-1 
HP 25510 functional, 8-3 
HP 25511, 9-1 
HP 25511 functional, 9-6 
HP 255.2%. 15=4 
HP 25512 functional, 15-8 
HP 25513, 10-1 
HP 25513 functional, 10-6 
HP 25514, 11-1 
HP 25514 functional, 11-9 
HP. 2o515e 1064 
HP 25515 functional, 16-9 
HP 25516, 12-1 
HP 25516 functional, 12-7 
HP 25531, 14-6 
HP 25533, 14-11 
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HP 25535, 14-6 
HP 25536, 14-42 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14-35 
HP 25546, 14-39 
HP 25594, 13-1 
HP 25594 functional, 13-5 
physical, 1-1 
SCMs, 14-1 
system, 1-2 


thermocouple reference connector, 
thermocouple reference connector functional, 


TRC, 13-1 

TRC funetional, 13-5 
Digital funetion cards, 3-34 
Direct addressing, 2-6 
DMA, 2-6 


E 


Enable lines, 3-20 
External pacing, 2-7 
External strobe, 14-1 


F 


Funetion card addressing, 3-14 

Function cards, 3-20 
analog, 3-26 
cabling, 3-42 
connectors, 3-42 
digital, 3-34 
types, 1-6 . 

Functional description, 1-8 
BIF, 3-14 
HP 2104, 2- 
HP 25501, 4-1 
HP 25502, 5-9 
HP 25503, 6-1 
HP 25504, 7-1 
HP 25510, 8-3 
HP 255115. G=6 
HP 255125 4 
HP 25513, 1 
HP 25514, 1 
HP 255155 1 
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HP 25516, 12-7 

HP 25594, 13-5 | 
thermocouple reference connector, 13-5 
TRC, 13=5 


G 


Gain register, 3-30 
Global autoranging, 3-32 
Global register, 2-7 


H 


Handshaking, 2- 
HP 12001, 1-7, 
HP 12009, 1-7, 


cription, 2-4 

HP 2250 
configurations, 1-3 
functional description, 1-8 
industrial configuration, 1- 
mobile configuration, 1-3 
options, 1-3 
physical description, 1-1 
rack cabinet model, 1-5 
system description, 1-2 

HP 2250M, 1-3 

HP 2250N, 1-3 

HP 2250R, 1-5 

HP 2251, 1-6, 3-1 

HP 25501 
cabling, 4-16 
calibration, 4-17 
description, 4-1 
functional description, 4-11 
pin assignments, 4-16 
register assignments, 4-13 
specifications, 4-4 

HP 25502 
cabling, 5-15 
calibration, 5-15 
description, 5-1 
functional description, 5-9 
pin assignments, 5-14 
register asSignments, 5-11 


3 
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specifications, 5-3 

25503 

cabling, 6-16 

calibration, 6-16 
description, 6-1 

functional description, 6-10 
pin assignments, 6-15 
register asSignments, 6-12 
specifications, 6-4 

25504 

cabling, 7-21 

calibration, 7-22 
description, 7-1 

functional description, 7-11 
pin assignments, 7-20 
register asSignments, {7-17 
relay verification, 7-33 
Specifications, 7-3 

25510 

cabling, 8-1e 

calibration, 8-12 
description, 8-1 

functional description, 8-3 
pin assignments, 8-12 
register assignments, 8-9 
specifications, 8-4 

ZOO 

cabling, 9-20 

description, 9-1 

functional description, 9-6 
pin assignments, 9-19 
register assignments, 9-16 
specifications, 9-3 

299 he 

cabling, 15-39 

description, 15-1 
functional description, 15-8 
Pin assignments, 15-39 
register assignments, 15-17 
specifications, 15-3 

25513 

cabling, 10-16 

description, 10-1 
functional description, 10-6 
pin assignments, 10-15 
register asSignments, 10-12 
Specifications, 10-3 

25514 

cabling, 11-19 

description, 11-1 
functional description, 11-9 
pin assignments, 11-18 
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register assignments, 11-15 
Specifications, 11-3 

HP 25515 
cabling, 16-24 
description, 16-1 
functional description, 16-9 
pin assignments, 16-24 
register assignments, 16-14 
specifications, 16-6 

HP 25516 
cabling, 12-23 
description, 12-1 
functional description, 12-7 
pin assignments, 12-22 
register assignments, 12-19 
Specifications, 12-3 

HP 25531, 14-6 

HP 25533, 14-11 

HP 25535, 14-6 

HP 25536, 14-42 

HP 25537, 14-11 

HP 25539, 14-18 

HP 25540, 14-23 

HP 25543, 14-27 

HP 25544, 14-30 

HP 25545, 14-35 

HP 25546, 14-39 

HP 25594 
description, 13-1 
functional description, 13-5 
specifications, 13-4 

HP 37203, 1-7, 2-1 

HP-IB interface, 2-8 


if 


I/O master chip, 2-7 
Industrial model, 1-3 
Initialization signal, 3-9 
Input commands, 3-13 
Interrupts, 3-17 

IOP chip, 2-8 


L 
LED indicators, 3-8 


Listener, 2-9 
Listening, 2-9 
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M 


Mapped addressing, 2-6 
MCI, 2-4 

MCI bus, 3-3 

MCU, 3-1 

MCU backplane signals, 3-5 
Measurement strobes, 3-13 


Offset addressing, 2-6 

Open sensor detect, 3-33 

Options 
001, I1- 
002, 1- 
O03 5%. 1 
010, 1 
015, 1 
016, 1 
O17, 1 

Output channel register, 8-3 


P 


Parity, 2-6 

PHI chip, 2-8 

Physical description, 1-1 
Pin assignments 


[LP 


Point 
Power 
Power 


25501, 
25502, 


25503, 


25504, 
25510, 
25511, 
joo a aa 
25513, 
25514, 
299. V3; 
Zo 710% 


register, 
bus, 3- 
distribution, 


4-16 
5-14 
6-15 
7-20 
8-12 
9-19 
15-39 
10-15 
11-18 
16-24 
12222 


3 


3-36 


INDEX 


Index-7 


INDEX 


Pulse detector, 3-5 


RAM, 2-4 
Read cycle, 2-6 
Read operation signals, 3-11 
Refresh cycle, 2-6 
Register addressing, 3-30 
Register assignments 

HP 25501, 4-13 

HP 25502, 5-11 

HP 25503, 6-12 

HP 25504, 7-17 

HP 25510, 8-9 

HP 25511, 9-16 

HP 25512, 15-17 

HP 25514, 11-15 

HP 25515, 16-14 

HP 25516, 12-19 
Registers 

256, 3-17 

addressable, 3-40 

addressing, 3-30, 3-36 

card configuration, 3-32 

ecard ID, 3-30 

ecard status, 3-42 

data, 3-32 

gain, 3-30 

global, 2-7 

interrupt, 3-18 

Output channel, 8-3 

point, 3-36 

unmask, 3-18 

zero, 3-32, 3-33 
Relay verification, 7-33 
ROM, 2-4 


SCMs, 1-6 

description, 14-1 
HP 25531, 14-6 

HP 25533, 14-11 
HP 25535, 14-6 

HP 25536, 14-42 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
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HP 
HP 
HP 
HP 


matrix, 
selection guide, 


25543, 
25544, 
25545, 
25546, 


Summary, 1 
usage example, 
Select code, 


Signal conditioning modules, 
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Tel: (99) 51-42-44 
Telex: 7409 12F 
CM,CS,E,MS,P°* 


Hewlett-Packard France 
4 Rue Thomas Mann 
Boite Postale 56 
F-67200 STRASBOURG 
Tel: (88) 28-56-46 
Telex: 89014 1F 
CM,CS,E,MS,P° 


Hewlett-Packard France 
20 Chemin de la Cépiére 
F-31081 TOULOUSE Cédex 
Tel: (61) 40-11-12 

Telex: 531639F 
A,CM,CS,E,P* 


Hewlett-Packard France 
Bureau de Vente de Lille 
Immeuble Péricentre 

Rue Van Gogh 

F-59650 VILLENEUVE D'ASQ 
Tel: (20) 91-41-25 

Telex: 160124F 
CM,CS,E,MS,P° 


GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard GmbH 

Technisches Buro Berlin 

Keithstrasse 2-4 

D- 1000 BERLIN 30 

Tel: (030) 24-90-86 

Telex: 018 3405 hpbin d 

A,CM,CS,E,X,M,P 

Hewlett-Packard GmbH 

Technisches BUro B&blingen 

Herrenberger Strasse 110 

D-7030 BOBLINGEN 

Tel: (07031) 667-1 


Telex: 07265739 bbn or 07265743 


A,CM,CP,E,MP,P 


Hewlett-Packard GmbH 
Technisches BUro Dusseldorf 
Emanuel-Leutze-Strasse 1 
D-4000 DUSSELDORF 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
A,CM,CP,E,MS,P 


Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 
D-6000 FRANKFURT 56 
Tel: (0611) 50-04-1 
Telex: 04 13249 hpftfm d 
A,CM,CP,E,MP,P 


Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadiring 5 

D-2000 HAMBURG 60 

Tel: (040) 63804-1 

Telex: 21 63 032 hphh d 
A,CM,CP,E,MS,P 


Hewlett-Packard GmbH 
Technisches Buro Hannover 
Am Grossmarkt 6 

D-3000 HANNOVER 91 

Tel: (0511) 46-60-01 

Telex: 092 3259 
A,CM,CS,E,MS,P 


Hewlett-Packard GmbH 
Technisches BUro Mannheim 
Rosslauer Weg 2-4 

D-6800 MANNHEIM 

Tel: (621) 70050 Telex: 0462105 
A,C,E 

Hewlett-Packard GmbH 
Technisches BUro Neu Ulm 
Messerschmittstrasse 7 
D-7910 NEU ULM 

Tel: 

Telex: 

Hewlett-Packard GmbH 
Technisches Buro NUrnberg 
Neumeyerstrasse 90 
D-8500 NURNBERG 

Tel: (0911) 56-30-83 

Telex: 0623 860 
CM,CS,E,MS,P 


Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 

D-802 1 TAUFKIRCHEN 

Tel: (089) 6117-1 

Telex: 0524985 
A,CM,CP,E,MS,P 


GREAT BRITAIN 
Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
ALTRINCHAM 

Chesire WA14 1NU 
Tel: (061) 928-6422 
Telex: 668068 
A,C,E,M 
Hewlett-Packard Ltd. 
Oakfield House, Oakfield Grove 
Clifton 
BRISTOL BS8 2BN 

Tel: 36806 

Telex: 444302 

p 


Hewlett-Packard Ltd. 
14 Wesley Street 
CASTLEFORD 
Yorkshire WF 10 1AE 
Tel: (0977) 550016 
Telex: 5557355 

C 


Hewlett-Packard Ltd. 
Fourier House 
257-263 High Street 
LONDON COLNEY 
Herts., AL2 1HA 

Tel: (0727) 24400 
Telex: 1-89527 16 
C,E 

Hewlett-Packard Ltd 
Tradax House, St. Mary's Walk 
MAIDENHEAQ 
Berkshire, SL6 1ST 
Tel: (0628) 39151 
E,P 

Hewlett-Packard Ltd. 
308/314 Kings Road 
READING, Berkshire 
Tel: 61022 

Telex: 84-80-68 
CM,P 


Hewlett-Packard Ltd. 
Quadrangle 

106-118 Station Road 
REDHILL, Surrey 

Tel: (0737) 68655 
Telex: 947234 

C.E 


Hewlett-Packard Ltd. 
Westminster House 

190 Stratford Road 
SHIRLEY, Solihull 

West Midlands B90 3BJ 
Tel: (021) 7458800 
Telex: 339105 

C 


Hewlett-Packard Ltd. 
King Street Lane 
WINNERSH, Wokingham 
Berkshire RG11 5AR 
Tel: (0734) 784774 
Telex: 847178 
A,C,E,M 


GREECE 

Kostas Karaynnis 

8 Omirou Street 

ATHENS 133 

Tel: 32-30-303, 32-37-37 1 
Telex: 21 59 62 RKAR GR 
E,M,P 

“Plaiso” 

G. Gerados 

24 Stournara Street 
ATHENS 

Tel: 36-11-160 

Telex: 21 9492 

P 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 

Zona 9 

GUATEMALA CITY 

Tel: 316627, 314786, 664715 
Telex: 4192 Teletro Gu 
A,C,E,M,P 


HONG KONG 


Hewlett-Packard Hong Kong, Ltd. 


G.P.0. Box 795 

5th Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: 5-8323211 

Telex: 66678 HEWPA HX 

Cable: HP ASIA LTD Hong Kong 
E,CP,P 


Schmidt & Co. (Hong Kong) Ltd. 
Wing On Centre, 28th Floor 
Connaught Road, C. 

HONG KONG 

Tel: 5-455644 

Telex: 74766 SCHMX HX 

A,M 


ICELAND 

Elding Trading Company Inc. 
Hatnarnvoli-Tryggvagotu 
P.O. Box 895 

IS-REYKJAVIK 

Tel: 1-58-20, 1-63-03 

M 


INDIA 

Blue Star Ltd. 
Bhavdeep 

Stadium Road 
AHMEDABAD 380 014 
Tel: 42932 

Telex: 012-234 
Cable: BLUEFROST 
E 


Blue Star Ltd. 

11 Magarath Road 
BANGALORE 560 025 
Tel: 55668 

Telex: 0845-430 
Cable: BLUESTAR 
A,CM,C.E 


Blue Star Ltd. 

Band Box House 

Prabhadevi 

BOMBAY 400 025 

Tel: 45-73-01 

Telex: 011-3751 

Cable: BLUESTAR 

A,M 

Blue Star Ltd. 

Sahas 

414/2 Vir Savarkar Marg 

Prabhadevi 

BOMBAY 400 025 

Tel: 46-65-55 

Telex: 011-4093 

Cable: FROSTBLUE 

A,CM,C,E,M 

Blue Star Ltd. 

7 Hare Street 

CALCUTTA 700 001 

Tel: 12-01-31 

Telex: 021-7655 

Cable: BLUESTAR 

A,M 

Blue Star Ltd. 

Meenakshi Mandiram 

XXXXV/1379-2 Mahatma Gandhi 
Road 

COCHIN 682-016 

Tel: 32069 

Telex: 085-514 

Cable: BLUESTAR 

At 

Blue Star Lid. 

133 Kodambakkam High Road 

MADRAS 600 034 

Tel: 82057 

Telex: 041-379 

Cable: BLUESTAR 

A,M 


Blue Star Ltd. 

Bhandari House, 7th/8th Floors 
91 Nehru Place 

NEW DELHI 110 024 

Tel: 682547 

Telex: 031-2463 

Cable: BLUESTAR 
A,CM,C,E,M 

Blue Star Ltd. 

1-1-117/1 Sarojini Devi Road 
SECUNDERABAD 500 033 

Tel: 70126 

Telex: 0155-459 

Cable: BLUESTAR 

A,E 


Blue Star Ltd. 

T.C. 7/603 Poornima 
Maruthankuzhi 
TRIVANDRUM 695 013 
Tel: 65799 

Telex: 0884-259 
Cable: BLUESTAR 

E 


INDONESIA 

BERCA Indonesia P.T. 
P.0.Box 496/Jkt. 

Jin. Abdul Muis 62 
JAKARTA 

Tel: 373009 

Telex: 31146 BERSAL IA 
Cable: BERSAL JAKARTA 
A,E,M,P 

BERCA Indonesia P. T. 
P.O. Box 174/Sby. 

J.L. Kutei No. 11 
SUBAEE-SURABAYA 

Tel: 68172 

Telex: 31146 BERSAL SD 
Cable: BERSAL-SURABAYA 
A* EMP 


IRAQ 

Hewlett-Packard Trading S.A. 
Mansoor City 9B/3/7 
BAGHDAD 

Tel: 551-49-73 

Telex: 2455 HEPAIRAQ IK 

CP 


IRELAND 
Hewlett-Packard Ireland Lid. 
Kestrel House 
Clanwilliam Court 
Lower Mount Street 
DUBLIN 2, Eire 

Tel: 680424, 680426 
Telex: 30439 
A,C,CM,E,M,P 
Cardiac Services Ltd. 
Kilmore Road 

Artane 

DUBLIN 5, Eire 

Tel: (01) 351820 
Telex: 30439 

M 


ISRAEL . 
Electranics Engineering Division 
Motorola Israel Ltd. 

16 Kremenetski Street 

P.O. Box 25016 

TEL-AVIV 67899 

Tel: 38973 

Telex: 33569 Motil IL 

Cable: BASTEL Tel-Aviv 
A,CM,C,E,M,P 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Traversa 99C 

Giulio Petrone, 19 

|-70124 BARI 

Tel: (080) 41-07-44 

M 

Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 
|-40132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CM,CS,E,MS 


Hewlett-Packard Italiana S.p.A. 

Via Principe Nicola 43G/C 

|-95126 CATANIA 

Tel: (095) 37-10-87 Telex: 970291 
C,P 


Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

|-20063 CERNUSCO SUL NAVLIGLIO 
Tel: (2) 90369 1 

Telex: 334632 

A,CM,CP,E,MP,P 


Hewlett-Packard Italiana S.p.A. 

Via Nuova san Rocco A 
Capodimonte, 62/A 

1-80131 NAPOLI 

Tel: (081) 7413544 

A,CM,CS,E 


Hewlett-Packard Italiana S.p.A. 
Viale G. Modugno 33 

|-16156 GENOVA PEGLI 

Tel: (010) 68-37-07 

E,C 


Hewlett-Packard Italiana S.p.A. 
Via Turazza 14 

i-35100 PADOVA 

Tel: (49) 664888 

Telex: 430315 

A,CM,CS,E,MS 


Hewlett-Packard Italiana S.p.A. 
Viale C. Pavese 340 

1-00144 ROMA 

Tel: (06) 54831 

Telex: 610514 
A,CM,CS,E,MS,P° 


Hewlett-Packard Italiana S.p.A. 
Corso Giovanni Lanza 94 

I- 10133 TORINO 

Tel: (011) 682245, 659308 
Telex: 221079 

CM,CS,E 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Inoue Building 

1348-3, Asahi-cho 

ATSUGI, Kanagawa 243 

Tel: (0462) 24-0451 

CM,C*,E 


Yokogawa-Hewlett-Packard Ltd. 
3-30-18 Tsuruya-cho 
Kanagawa-ku, Yokohama-Shi 
KANAGAWA, 22 1 

Tel: (045) 312-1252 

Telex: 382-3204 YHP YOK 
CM,CS,E 


Yokogawa-Hewlett-Packard Ltd. 
Sannomiya-Daiichi Seimei-Bidg. 5F 
69 Kyo-Machi Ikuta-Ku 

KOBE CITY 650 Japan 

Tel: (078) 392-4791 

CE 

Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Asahi Yasoji Bldg 4F 
4-3 Chome Tsukuba 
KUMAGAYA, Saitama 360 

Tel: (0485) 24-6563 

CM,CS,E 


Yokogawa-Hewlett-Packard Ltd. 
Mito Mitsui Building 

4-73, San-no-maru, 1-chome 
MITO, Ibaragi 310 

Tel: (0292) 25-7470 

CM,CS,E 


Yokogawa-Hewlett-Packard Ltd. 
Sumitomo Seimei Bldg. 

11-2 Shimo-sasajima-cho 
Nakamura-ku 

NAGOYA, Aichi 450 

Tel: (052) 581-1850 
CM,CS,E,MS 


Yokogawa-Hewlett-Packard Ltd. 
Chuo Bidg., 4th Floor 

5-4-20 Nishinakajima, 5-chome 
Yodogawa-ku, Osaka-shi 
OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 
A,CM,CP,E,MP,P° 


Yokogawa-Hewlett-Packard Ltd. 
29-21 Takaido-Higashi 3-chome 
Suginami-ku TOKYO 168 

Tel: (03) 331-6111 

Telex: 232-2024 YHPTOK 
A,CM,CP,E,MP,P° 


JORDAN 

Mouasher Cousins Company 
P.O. Box 1387 

AMMAN 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 
E,M,P 


KOREA 

Samsung Electronics 
4759 Singil, 6 Dong 
Young Deung Po Ku, 
SEOUL 

Tel: 8334311, 8330002 
Telex: SAMSAN 27364 
A,C,E,M,P 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


KUWAIT 

Al-Khalidya Trading & Contracting 
P.O. Box 830 Safat 

KUWAIT 

Tel: 42-4910, 41-1726 

Telex: 2481 Areeg kt 

A,E,M 


Photo & Cine Equipment 
P.O. Box 270 Safat 
KUWAIT 

Tel: 42-2846, 42-3801 
Telex: 2247 Matin 

P 


LUXEMBOURG 
Hewlett-Packard Belgium S.A./N.V. 
Bivd de la Woluwe, 100 
Woluwedal 

B- 1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CM,CP,E,MP,P 


MALAYSIA 

Hewlett-Packard Sales (Malaysia) 
Sdn. Bhd. 

Suite 2.21/2.22 

Bangunan Angkasa Raya 

Jalan Ampang 

KUALA LUMPUR 

Tel: 483544 

Telex: MA3 1011 

A,CP,E,M,P* 


Protel Engineering 

P.O. Box 1917 

Lot 319, Satok Road 
Kuching, SARAWAK 

Tel: 53544 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

A,E.M 


MEXICO 

Hewlett-Packard Mexicana, S.A. de 
C.V. 

Avenida Periferico Sur No. 6501 

Tepepan, Xochimilco 

MEXICO CITY 23, D.F. 

Tel: (905) 676-4600 

Telex: 017-74-507 

A,CP,E,MS,P 


Hewlett-Packard Mexicana, S.A. de 
C.V. 

Rio Volga 600 

Colonia del Valle 

MONTERREY, N.L. 

Tel: 78-42-93, 78-42-40, 78-42-41 

Telex: 038-410 

CS 


MOROCCO 
Dolbeau 

81 rue Karatchi 
CASABLANCA 

Tel: 304 1-82, 3068-38 
Telex: 23051, 22822 
E 


Gerep 

2 rue d'Agadir 

Boite Postale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 

P 


MOZAMBIQUE 

A.N. Goncalves Lid. 

162, 1 Apt. 14 Av. D. Luis 
Caixa Postal 107 

MAPUTO 

Tel: 27091, 27114 

Telex: 6-203 NEGON Mo 
Cable: NEGON 

A,E,M,P 


NETHERLANDS 
Hewlett-Packard Nederland B.V. 
Van Heuven Goedhartlaan 12 1 
NL 1181KK AMSTELVEEN 

P.O. Box 667 

NL1080 AR AMSTELVEEN 

Tel: (20) 47-20-21 

Telex: 13 216 

A,CM,CP,E,MP,P 
Hewlett-Packard Nederland B.V. 
Bongerd 2 

NL 2906VK CAPPELLE, A/D ljessel 
P.O. Box 41 

NL2900 AA CAPELLE, |jssel 

Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 
A,CM,CP 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
169 Manukau Road 

P.O. Box 26-189 

Epsom, AUCKLAND 

Tel: 68-7159 

Cable: HEWPACK Auckland 
CM,CS,E,P° 


Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
P.O. Box 9443 

Kilbirnie, WELLINGTON 3 

Tel: 877-199 

Cable: HEWPACK Wellington 
CM,CP,E,P 


Northrop instruments & Systems 
Lid. 

Eden House, 44 Khyber Pass Road 

P.0. Box 9682 

Newmarket, AUCKLAND 

Tel: 794-091 

A,M 

Northrop instruments & Systems 
Lid. 

Terrace House, 4 Oxford Terrace 

P.O. Box 8388 

CHRISTCHURCH 

Tel: 64-165 

A.M 

Northrop Instruments & Systems 
Lid. 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 

WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 

A.M 


NIGERIA 

The Electronics Instrumentations 
Ltd. 

N6B/S70 Oyo Road 

Oluseun House 

P.M.B. 5402 

IBADAN 

Tel: 461577 

Telex: 31231 TEIL NG 

A,E,M,P 


The Electronics Instrumentations 
Lid. 

144 Agege Motor Road, Mushin 

P.O. Box 6645 

Mushin, LAGOS 

AE,M,P 


NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road South 
BELFAST BT 10 OBY 

Tel: (0232) 625-566 

Telex: 747626 

M 


NORWAY 

Hewlett-Packard Norge A/S 
Foike Bernadottesvei 50 

P.O. Box 3558 

N-5033 FYLLINGSDALEN (BERGEN) 
Tel: (05) 16-55-40 

Telex: 16621 hpnas n 

CM,CS,E 


Hewlett-Packard Norge A/S 
Oestendalen 18 

P.O. Box 34 

N- 1345 OESTERAAS 

Tel: (02) 17-11-80 

Telex: 16621 hpnas n 
A*,CM,CP,E,MS,P 


OMAN 

Khimjl Ramdas 

P.O. Box 19 

MUSCAT 

Tel: 72-22-17, 72-22-25 

Telex: 3289 BROKER MB MUSCAT 
P 


PAKISTAN 

Mushko & Company Lid. 
10, Bazar Road 

Sector G-6/4 

ISLAMABAD 

Tel: 28624 

Cable: FEMUS Rawalpindi 
A,E,.M 

Mushko & Company Lid. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 

Tel: 511027, 512927 
Telex: 2894 MUSHKO PW 
Cable: COOPERATOR Karachi 
A,E,M,P° 


PANAMA 

Electrénico Balboa, S.A. 
Apartado 4929 

Panama 5 

Calle Samuel Lewis 
Edificio “Alfa” No. 2 
CIUDAD DE PANAMA 

Canal Zone 

Tel: 64-2700 

Telex: 3480380 

Cable: ELECTRON Panama 
A,E,M 

Foto Internacional, S.A. 
P.O. Box 2068 

Free Zone of Colon 
COLON 3 

Tel: 45-2333 

Telex: 3485 126 

Cable: IMPORT COLON/Panama 
P 


PERU Cémpania Electro Médica 
S.A 


Los Flamencos 145, San Isidro 
Casilla 1030 

LIMA 1 

Tel: 41-4325 

Telex: Pub. Booth 25424 SISIDRO 
Cable: ELMED Lima 

A,E,M 


PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House, Amorsolo Cor. Herrera 
Street 

Legaspi Village, Makati 

P.O. Box 1510 

Metro MANILA 

Tel: 85-35-81, 85-34-91, 85-32-21 

Telex: 3274 ONLINE 

A,C,E,M 


{2 


0) 


SALES & SUPPORT OFFICES 


Arranged alphabetically by country 


PHILIPPINES (Cont'd) 

Electronic Specialists and 
Proponents Inc. — 

690-B Epifanio de los Santos 
Avenue 

Cubao, QUEZON CITY 

P.O. Box 2649 Manila 

Tel: 98-96-81, 98-96-82, 98-96-83 

Telex: 742-40287 

P 


POLAND 

Buro Informasji Technicznej 
Hewlett-Packard 

UI Stawki 2, 6P 

PLOO-950 WARSZAWA 

Tel: 39-59-62, 39-67-43 
Telex: 812453 hepa pl 


PORTUGAL 

Telectra-Empresa Técnica de 
Equipmentos Eléctricos S.a.r.l. 

Rua Rodrigo da Fonseca 103. 

P.O. Box 2531 

P-LISBON 1 

Tel: (19) 68-60-72 

Telex: 12598 

A,C,E,P 


Mundinter | 

Intercambio Mundial de Comércio 
S.ar.l 

P.O. Box 2761 

Avenida Antonio Augusto de Aguiar 
138 

P-LISBON 

Tel: (19) 53-21-31, 53-21-37 

Telex: 16691 munter p 

M 


PUERTO RICO 
Hewlett-Packard Puerto Rico 
P.O. Box 4407 

CAROLINA, Puerto Rico 00630 
Calle 272 Edificio 203 

Urb. Country Club 

RIO PIEDRAS, Puerto Rico 00924 
Tel: (809) 762-7255 

Telex: 345 0514 

A,CP 


QATAR 

Nasser Trading & Contracting 
P.O. Box 1563 

DOHA 

Tel: 22170 

Telex: 4439 NASSER 

M 


Scitecharabia 

P.O. Box 2750 
!'OOHA 

Tel: 3295 15 

Telex: 4806 CMPARB 
P 


ROMANIA 

Hewlett-Packard Reprezentania 
Boulevard Nicolae Balcescu 16 
BUCURESTI 

Tel: 130725 

Telex: 10440 


SAUDI ARABIA 

Modern Electronic Establishment 
P.O. Box 193 

AL-KHOBAR 

Tel: 44-678, 44-813 

Telex: 670136 

Cable: ELECTA AL-KHOBAR 
C,E,.M,P 

Modern Electronic Estabshment 
P.O. Box 1228, Baghdadiah Street 


Telex: 401035 
Cable: ELECTA JEDDAH 
CEMP 


Modern Electronic Establishment 
P.O. Box 2728 

RIYADH 

Tel: 62-596, 66-232 

Telex: 202049 

C,E,M,P 


SCOTLAND 
Hewlett-Packard Lid. 
Royal Bank Buildings 
Swan Street 

BRECHIN, Angus, Scotland 
Tel: 3101, 3102 

CM,CS 


Hewlett-Packard Lid. 
SOUTH QUEENSFERRY 
West Lothian, EH30 9TG 
GB-Scotland 

Tel: (031) 3311000 
Telex: 72682 

A,CM,E,M 


SINGAPORE 

Hewlett-Packard Singapore (Pty.) 
Ltd. 

P.O. Box 58 Alexandra Post Office 

SINGAPORE, 9115 

6th Floor, Inchcape House 

450-452 Alexandra Road 

SINGAPORE 0511 

Tel: 631788 

Telex: HPSGSO RS 34209 

Cable: HEWPACK, Singapore 

A,CP,E,MS,P 


SOUTH AFRICA 

Hewlett-Packard South Africa (Pty.) 
Ltd. 

P.O. Box 120 

Howard Place 

Pine Park Center, Forest Drive, 
Pinelands 

CAPE PROVINCE 7450 

Tel: 53-7955, 53-7956, 53-7957 

Telex: 57-0006 

A,CM,CS,E,MS,P 

Hewlett-Packard South Africa (Pty.) 
Ltd. 

P.O. Box 37066 

Overport 

DURBAN 4067 

Tel: 28-4178, 28-4179, 28-4110 

CM,CS 


Hewlett-Packard South Africa (Pty.) 
Ltd. 

Daphny Street 

Private Bag Wendywood 

SANDTON 2144 

Tel: 802-5111, 802-5125 

Telex: 89-84782 

Cable: HEWPACK Johannesburg 

A,CM,CP,E,MS,P 


SPAIN 

Hewlett-Packard Espafiola S.A. 
c/Entenza, 321 

E-BARCELONA 29 

Tel: (3) 322-24-51, 321-73-54 
Telex: 52603 hpbee 
A,CM,CP,E,MS,P 
Hewlett-Packard Espafiola S.A. 
c/San Vicente S/N 

Edificio Albia ll,7 B 

E-BILBAO 1 

Tel: (944) 423-8306, 423-8206 
A,CM,E,MS 


Hewlett-Packard Espafiola S.A. 
Calle Jerez 3 

E-MADRID 16 

Tel: 458-2600 

Telex: 23515 hpe 
A,CM,E,MP,P 


Hewlett-Packard Espafiola S.A. 
Colonia Mirasierra 

Edificio Juban 

c/o Costa Brava 13, 2. 
E-MADRID 34 

Tel: 734-8061, 734-1162 
CM,CP 


Hewlett-Packard Espafiola S.A. 
Av Ramon y Cajal 1-9 

Edificio Sevilla 1, 

E-SEVILLA 5 

Tel: 64-44-54, 64-44-58 
Telex: 72933 

A,CM,CS,MS,P 


Hewlett-Packard Espafiola S.A. 
C/Ramon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 

Tel: 361-1354, 361-1358 
CM,CS,P 


SWEDEN 

Hewlett-Packard Sverige AB 

Enighetsvdgen 3, Fack 

P.O. Box 20502 

S- 16120 BROMMA 

Tel: (08) 730-0550 

Telex: (854) 10721 MESSAGES 

Cable: MEASUREMENTS 
STOCKHOLM 

A,CM,CP,E,MS,P 

Hewlett-Packard Sverige AB 

Sunnanvagen 14K 

S-22226 LUND 

Tel: (46) 13-69-79 

Telex: (854) 10721 (via BROMMA 
office) 

CM,CS 


Hewlett-Packard Sverige AB 

Vastra Vintergatan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 10721 (via BROMMA 
office) 

CN,CS 


Hewlett-Packard Sverige AB 

Frétallisgatan 30 

S-42132 VASTRA-FROLUNDA 

Tel: (031) 49-09-50 

Telex: (854) 10721 (via BROMMA 
office) 

CM,CS,E,P 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 

CH-4058 BASLE 

Tel: (61) 33-59-20 

A,CM 

Hewlett-Packard (Schweiz) AG 
47 Avenue Blanc 

CH-1202 GENEVA 

Tel: (022) 32-30-05, 32-48-00 
CM,CP 

Hewlett-Packard (Schweiz) AG 
29 Chemin Chateau Bloc 

CH- 12 19 LE LIGNON-Geneva 
Tel: (022) 96-03-22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 
A,CM,E,MS,P 


Hewlett-Packard (Schweiz) AG 
ZUrcherstrasse 20 
Allmend 2 

CH-8967 WIDEN 

Tel: (57) 50-111 

Telex: 59933 hpag ch 

Cable: HPAG CH 
A,CM,CP,E,MS,P 


SYRIA 
General Electronic Inc. 


* Nuri Basha-Ahnat Ebn Kays Street 


P.O. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR DAMASCUS 
E 


Sawah & Co. 

Place Azmé 

Boile Postale 2308 
DAMASCUS 

Tel: 16-367, 19-697, 14-268 
Telex: 11304 SATACO SY 
Cable: SAWAH, DAMASCUS 
M 


TAIWAN 

Hewlett-Packard Far East Ltd. 
Kaohsiung Branch 

68-2, Chung Cheng 3rd Road 
Shin Shin, Chu 

KAOHSIUNG 

Tel: 24-2318, 26-3253 
CS,E,MS,P 

Hewlett-Packard Far East Ltd. 
Taiwan Branch 

5th Floor 

205 Tun Hwa North Road 
TAIPE| 

Tel:(02) 751-0404 
Cable:HEWPACK Taipei 
A*,CP,E,MS,P 
Hewlett-Packard Far East Ltd. 
Taichung Branch 

#33, Cheng Yih Street 

10th Floor, Room 5 
TAICHUNG 

Tel: 289274 


San Kwang Instruments Co., Ltd. 

20 Yung Sui Road 

TAIPE! 

Tel: 361-5446, 361-5447, 
361-5448 

Telex: 22894 SANKWANG 

Cable: SANKWANG Taipei 

A 


THAILAND 

UNIMESA Co. Lid. 

Elcom Research Building 

2538 Sukhumvit Ave. 

Bangchak, BANGKOK 

Tel: 393-2387, 393-0338 

Telex: TH8 1160, 82938, 81038 

Cable: UNIMESA Bangkok 

A,E,M 

Bangkok Business Equipment Ltd. 

5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-867 1, 
234-8672 

Cable: BUSIQUIPT Bangkok 

P 


TRINIDAD & TOBAGO 
CARTEL 

Caribbean Telecoms Lid. 

P.O. Box 732 

50/A Jerningham Avenue 
PORT-OF-SPAIN 

Tel: 624-4213, 624-4214 
A,E,M,P 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
TUNIS 

Tel: 280-144 

E,P 

Corema 

1 ter. Av. de Carthage 
TUNIS 

Tel: 253-82 1 

Telex: 12319 CABAM TN 
M 


TURKEY 

Teknim Company Ltd. 
Riza Sah Pehievi 
Caddesi No. 7 
Kavaklidere, ANKARA 
Tel: 275800 

Telex: 42155 

E 


EMA, Muhendislik Kollektif Sirketi 
Mediha Eldem 

Sokak 41/6 

Yuksel Caddesi, ANKARA 

Tel: 17-56-22 

Cable: Ematrade 

M 


UNITED ARAB EMIRATES 
Emitac Ltd. 

P.O. Box 1641 

SHARJAH 

Tel: 354121, 354123 

Telex: 68136 

EMP.C 


UNITED KINGDOM 
see: GREAT BRITAIN 
NORTHERN IRELAND 
SCOTLAND 


UNITED STATES 


Alabama 
Hewlett-Packard Co. 
700 Century Park South 
Suite 128 

BIRMINGHAM, AL 35226 
Tel: (205) 822-6802 
CM,CS,MP 
Hewlett-Packard Co. 
P.O. Box 4207 

8290 Whitesburg Drive, S.E. 
HUNTSVILLE, AL 35802 
Tel: (205) 881-4591 
CM,CP,E,M* 


Alaska 

Hewlett-Packard Co. 

1577 “C” Street, Suite 252 
ANCHORAGE, AK 99510 

Tel: (206) 454-397 1 
CM,CS** 


Arizona 
Hewlett-Packard Co. 
2336 East Magnolia Street 
PHOENIX, AZ 85034 

Tel: (602) 273-8000 
A,CM,CP,E,MS 
Hewlett-Packard Co. 
2424 East Aragon Road 
TUCSON, AZ 85702 

Tel: (602) 889-4631 
CM,CS,E,MS** 


Arkansas 

Hewlett-Packard Co. 

P.O. Box 5646 

Brady Station 

LITTLE ROCK, AR 72215 

Tel: (501) 376-1844, (501) 
664-8773 

CM,MS 


UNITED STATES (Cont'd) 


California 
Hewlett-Packard Co. 
7621 Canoga Avenue 
CANOGA PARK, CA 91304 
Tel: (213) 702-8300 
A,CM,CP,E,P 
Hewlett-Packard Co. 
1579 W. Shaw Avenue 
FRESNO, CA 93771 
Tel: (209) 224-0582 
CM,MS 


Hewlett-Packard Co. 
1430 East Orangethorpe 
FULLERTON, CA 92631 
Tel: (714) 870-1000 
CM,CP,E,MP 


Hewlett-Packard Co. 

5400 W. Rosecrans Boulevard 
LOS ANGELES, CA 90260 

Tel: (213) 970-7500 
CM,CP,MP ‘ 
Hewlett-Packard Co. 

3939 Lankershim Blvd. 

NORTH HOLLYWOOD, CA 91604 
Tel: (213) 877-1282 

regional headquarters 


Hewlett-Packard Co. 
3200 Hillview Avenue 
PALO ALTO, CA 94304 
Tel: (415) 857-8000 
CM,CP,E 


Hewlett-Packard Co. 

646 W. North Market Boulevard 
SACRAMENTO, CA 95834 

Tel: (916) 929-7222 
A*,CM,CP,E,MS 


Hewlett-Packard Co. 
9606 Aero Drive 

P.O. Box 23333 

SAN DIEGO, CA 92123 
Tel: (7 14) 279-3200 
CM,CP,E,MP 
Hewlett-Packard Co. 
3003 Scott Boulevard 
SANTA CLARA, CA 95050 
Tel: (408) 988-7000 
A,CM,CP,E,MP 


Hewlett-Packard Co. 

454 Carlton Court 

SO. SAN PRANCISCO, CA 94080 
Tel: (415) 877-0772 

CM,CP 


Colorado 
Hewlett-Packard Co. 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tel: (303) 771-3455 
A,CM,CP,E,MS 


Connecticut 
Hewlett-Packard Co. 

47 Barnes Industrial Road South 
P.O. Box 5007 

WALLINGFORD, CT 06492 

Tel: (203) 265-7801 
A,CM,CP,E,MS 


Florida 

Hewlett-Packard Co. 

P.O. Box 24210 

2727 N.W. 62nd Street 
FORT LAUDERDALE, FL 33309 
Tel: (305) 973-2600 
CM,CP,E,MP 


Hewlett-Packard Co. 

4080 Woodcock Drive, #132 
Brownett Building 
JACKSONVILLE, FL 32207 

Tel: (904) 398-0663 
CM,C*,E*,MS** 


Hewlett-Packard Co. 
P.O. Box 13910 

6177 Lake Ellenor Drive 
ORLANDO, FL 32809 
Tel: (305) 859-2900 
A,CM,CP,E,MS 


Hewlett-Packard Co. 
6425 N. Pensacola Blvd. 
Suite 4, Building 1 
PENSACOLA, FL 32575 
Tel: (904) 476-8422 
A,CM,MS 


Hewlett-Packard Co. 

110 South Hoover, Suite 120 
Vanguard Bidg. 

TAMPA, FL 33609 

Tel: (813) 872-0900 
A*,CM,CS,E*,M* 


Georgia 
Hewlett-Packard Co. 
P.O. Box 105005 
2000 South Park Place 
ATLANTA, GA 30339 
Tel: (404) 955-1500 
Telex: 810-766-4890 
A,CM,CP,E,MP 


Hewlett-Packard Co. 
Executive Park Suite 306 
P.O. Box 816 

AUGUSTA, GA 30907 

Tel: (404) 736-0592 
CM,MS 


Hewlett-Packard Co. 

P.O. Box 2103 

1172 N. Davis Drive 
WARNER ROBINS, GA 31098 
Tel: (912) 922-0449 

CME 


Hawaii 

Hewlett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South King Street 
HONOLULU, HI 96813 

Tel: (808) 526-1555 
A,CM,CS,E,MS 


idaho 

Hewlett-Packard Co. 
11311 Chinden Boulevard 
BOISE, ID 83707 

Tel: (208) 376-6000 
CM,CS,M* 


illinois 
Hewlett-Packard Co. 
211 Prospect Road 
BLOOMINGTON, IL 61701 
Tel: (309) 663-0383 
CM,CS,MS** 


Hewlett-Packard Co. 

1100 3ist Street 
DOWNERS GROVE, IL 60515 
Tel: (312) 960-5760 
CM,CP 


Hewlett-Packard Co. 

5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 
A,CM,CP,E,MP 


indiana 

Hewlett-Packard Co. 

P.O. Box 50807 

7301 No. Shadeland Avenue 
INDIANAPOLIS, IN 46250 

Tel: (317) 842-1000 
A,CM,CS,E,MS 


lowa 
Hewlett-Packard Co. 
2415 Heinz Road 
IOWA CITY, IA 52240 
Tel: (319) 351-1020 
CM,CS,E*,MS 
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Arranged alphabetically by country CA 


Kansas 
Hewlett-Packard Co. 
514 South Westview 
P.O. Box 159 
DERBY, KA 67037 
Tel: (316) 265-5200 
CM,CS 


Kentucky 
Hewlett-Packard Co. 
10170 Linn Station Road 
Suite 525 

LOUISVILLE, KY 40223 
Tel: (502) 426-0100 
A,CM,CS,MS 


Louisiana 
Hewlett-Packard Co. 
P.O. Box 1449 

3229 Williams Boulevard 
KENNER, LA 70062 

Tel: (504) 443-6201 
A,CM,CS,E,MS 


Maryland 
Hewlett-Packard Co. 
7121 Standard Drive 
HANOVER, MD 21076 
Tel: (301) 796-7700 
A,CM,CP,E,MS 


Hewlett-Packard Co. 
2 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
Telex: 710-828-9685 
A,CM,CP,E,MP 


Massachusetts 
Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617) 861-8960 
A,CM,CP,E,MP 


Michigan 
Hewlett-Packard Co. 

23855 Research Drive 
FARMINGTON HILLS, MI 48024 
Tel: (313) 476-6400 
A,CM,CP,E,MP 


Hewlett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, Mi 49506 
Tel: (616) 957-1970 
CM,CS,MS 


Minnesota 
Hewlett-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A,CM,CP,E,MP 


Mississippi 
Hewlett-Packard Co. 
P.O. Box 5028 

322 N. Mart Plaza 
JACKSON, MS 39216 
Tel: (601) 982-9363 
CM,MS 


Missouri 
Hewlett-Packard Co. 
11131 Colorado Avenue 


KANSAS CITY, MO 64137 


Tel: (816) 763-8000 
Telex: 910-77 1-2087 
A,CM,CS,E,MS 
Hewlett-Packard Co. 
1024 Executive Parkway 
ST. LOUIS, MO 63141 
Tel: (314) 878-0200 
A,CM,CP,E,MP 


Nebraska 
Hewlett-Packard 

7101 Mercy Road 
Suite 101, IBX Building 
OMAHA, NE 68106 

Tel: (402) 392-0948 
CM,MS 


Nevada 
Hewlett-Packard Co. 
Suite D- 130 

5030 Paradise Blvd. 
LAS VEGAS, NV 89119 
Tel: (702) 736-6610 
CM,MS * * 


New Jersey 
Hewlett-Packard Co. 
Crystal Brook Professional Building 
Route 35 

EATONTOWN, NJ 07724 
Tel: (201) 542-1384 
A*,CM,C*,E*,P* 
Hewlett-Packard Co. 
W120 Century Road 
PARAMUS, NJ 07652 
Tel: (201) 265-5000 
A,CM,CP,E,MP 


Hewlett-Packard Co. 

60 New England Avenue West 
PISCATAWAY, NJ 08854 

Tel: (201) 981-1199 
A,CM,CP,E 


New Mexico 
Hewlett-Packard Co. 

P.O. Box 11634 

11300 Lomas Blvd.,N.E. 
ALBUQUERQUE, NM 87123 
Tel: (505) 292-1330 
Telex: 910-989-1185 
CM,CP,E,MS 


New York 
Hewlett-Packard Co. 

5 Computer Drive South 
ALBANY, NY 12205 

Tel: (518) 458-1550 
Telex: 710-444-4691 
A,CM,CS,E,MS 


Hewlett-Packard Co. 
9600 Main Street 
CLARENCE, NY 14031 
Tel: (716) 759-862 1 
Telex: 710-523-1893 


Hewlett-Packard Co. 
200 Cross Keys Office 
FAIRPORT, NY 14450 
Tel: (7 16) 223-9950 
Telex: 510-253-0092 
CM,CP,E,MS 
Hewlett-Packard Co. 
No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
NEW YORK, NY 10119 
Tel: (212) 97 1-0800 
CM,CP,E*,M* 
Hewlett-Packard Co. 
5858 East Molloy Road 
SYRACUSE NY 13211 
Tel: (315) 455-2486 
A,CM,CS,E,MS 
Hewlett-Packard Co. 

3 Crossways Park West 
WOODBURY, NY 11797. 
Tel: (516) 921-0300 
Telex: 510-221-2183 
A,CM,CP,E,MS 


North Carolina 
Hewlett-Packard Co. 
P.O. Box 15579 

2905 Guess Road (27705) 
DURHAM, NC 27704 

Tel: (919) 47 1-8466 
C\M 

Hewlett-Packard Co. 
5605 Roanne Way 
GREENSBORO, NC 27409 
Tel: (919) 852-1800 
A,CM,CP,E,MS 


Ohio 
Hewlett-Packard Co. 
9920 Carver Road 
CINCINNATI, OH 45242 
Tel: (513) 891-9870 
CM,CP,MS 


Hewlett-Packard Co. 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
Telex: 810-423-9430 
A,CM,CP,E,MS 
Hewlett-Packard Co. 
962 Crupper Ave. 
COLUMBUS, OH 43229 
Tel: (614) 436-1041 
CM,CP,E* 
Hewlett-Packard Co. 
330 Progress Rd. 
DAYTON, OH 45449 
Tel: (513) 859-8202 
A,CM,CP,E* MS 


Oklahoma 
Hewlett-Packard Co. 

P.O. Box 366 

1503 W. Gore Bivd., Suite #2 
LAWTON, OK 73502 

Tel: (405) 248-4248 

C 


Hewlett-Packard Co. 

P.O. Box 32008 

304 N. Meridan Avenue, Suite A 
OKLAHOMA CITY, OK 73107 

Tel: (405) 946-9499 

A* ,CM,CP,E*,MS 


Hewlett-Packard Co. 
Suite 121 

9920 E. 42nd Street 
TULSA, OK 74145 
Tel: (918) 665-3300 
A**,CM,CS,M* 


Oregon 
Hewlett-Packard Co. 
1500 Valley River Drive, Suite 330 
EUGENE, OR 97401 

Tel: (503) 683-8075 

C 

Hewlett-Packard Co. 
9255 S. W. Pioneer Court 
WILSONVILLE, OR 97070 
Tel: (503) 682-8000 
A,CM,CP,E* MS 


Pennsylvania 
Hewlett-Packard Co. 

1021 8th Avenue 

King of Prussia Industrial Park 
KING OF PRUSSIA, PA 19406 
Tel: (215) 265-7000 

Telex: 510-660-2670 
A,CM,CP,E,MP 


Hewlett-Packard Co. 
111 Zeta Drive 
PITTSBURGH, PA 15238 
Tel: (412) 782-0400 
A,CM,CP,E,MP 


© 
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UNITED STATES (Cont'd) 


South Carolina 
Hewlett-Packard Co. 

P.O. Box 6442 

6941-0 N. Trenholm Road 
COLUMBIA, SC 29260 

Tel: (803) 782-6493 
CM,CS,E,MS 
Hewlett-Packard Co. 

814 Wade Hampton Bivd. 
Suite 10 

GREENVILLE, SC 29609 
Tel: (803) 232-0917 

C 


Tennessee 
Hewlett-Packard Co. 
P.O. Box 32490 

224 Peters Road 
Suite 102 

KNOXVILLE, TN 37922 
Tel: (615) 691-2371 
A*,CM,MS 
Hewlett-Packard Co. 
3070 Directors Row 
MEMPHIS, TN 38131 
Tel: (901) 346-8370 
A,CM,CS,MS 
Hewlett-Packard Co. 
Suite 103 

478 Craighead Street 
NASHVILLE, TN 37204 
Tel: (615) 383-9136 
CM,MS* * 


Texas 
Hewlett-Packard Co. 
Suite 310W 

7800 Shoaicreek Blvd. 
AUSTIN, TX 78757 
Tel: (512) 459-3143 
CM,E 
Hewlett-Packard Co. 
Suite C-110 

4171 North Mesa 
EL PASO, TX 79902 
Tel: (915) 533-3555 
CM,CS,E* ,MS** 


Hewlett-Packard Co. 
5020 Mark IV Parkway 
FORT WORTH, TX 76106 
Tel: (817) 625-6361 
CM,C* 
Hewlett-Packard Co. 
P.O. Box 42816 
10535 Harwin Street 
HOUSTON, TX 77036 
Tel: (713) 776-6400 
A,CM,CP,E,MP 


Hewlett-Packard Co. 
3309 67th Street 
Suite 24 

LUBBOCK, TX 79413 
Tel: (806) 799-4472 
M 


Hewlett-Packard Co. 
P.O. Box 1270 

930 E. Campbell Rd. 
RICHARDSON, TX 75081 
Tel: (214) 231-6101 
A,CM,CP,E,MP 
Hewlett-Packard Co. 
205 Billy Mitchell Road 
SAN ANTONIO, TX 78226 
Tel: (512) 434-8241 
CM,CS,E,MS 


Utah 
Hewlett-Packard Co. 


~ 3530 W. 2100 South Street 


SALT LAKE CITY, UT 84119 
Tel: (801) 974-1700 
A,CM,CP,E,MS 


Virginia 

Hewlett-Packard Co. 

P.O. Box 9669 

2914 Hungary Spring Road 
RICHMOND, VA 23228 

Tel: (804) 285-3431 
A,CM,CP,E,MS 
Hewlett-Packard Co. 

P.O. Box 4786 


3110 Peters Creek Road, N.W. 


ROANOKE, VA 24015 
Tel: (703) 922-7000 
CM,CS,E** 


Hewlett-Packard Co. 

P.O. Box 12778 

5700 Thurston Avenue 
Suite 111 

VIRGINIA BEACH, VA 23455 


Tel: (804) 460-2471 


CM,CS,MS 


Washington 
Hewlett-Packard Co. 
15815 S.E. 37th Street 
BELLEVUE, WA 98006 
Tel: (206) 643-4000 
A,CM,CP,E,MP 
Hewlett-Packard Co. 
Suite A 

708 North Argonne Road 
SPOKANE, WA 99206 
Tel: (509) 922-7000 
CM,CS 


West Virginia 
Hewlett-Packard Co. 

4604 MacCorkle Ave., S.E. 
CHARLESTON, WV 25304 
Tel: (304) 925-0492 
A,CM,MS 


Wisconsin 
Hewlett-Packard Co. 

150 S. Sunny Slope Road 
BROOKFIELD, WI 53005 
Tel: (414) 784-8800 
A,CM,CS,E* MP 


URUGUAY 

Pablo Ferrando S.A.C. e.1. 

Avenida Italia 2877 

Casilla de Correo 370 

MONTEVIDEO 

Tel: 403102 

Telex: 901 Public Booth Para Pablo 
Ferrando 919520 


~ Cable: RADIUM Montevideo 


A,E,M 


Guillermo Kraft del Uruguay S.A. 
Avda. Libertador Brig. Gral. 


Lavalleja 2083 


MONTEVIDEO 

Tel: 234588, 234808, 208830 
Telex: 6245 ACTOUR UY 

p 


U.S.S.R. 
Hewlett-Packard Co. 
Representative Office 
Pokrovsky Blvd. 4/17 KV12 
MOoscOW 101000 

Tel: 294-2024 

Telex: 7825 HEWPACK SU 


VENEZUELA 

Hewlett-Packard de Venezuela C.A. 

Apartado 50933 

3A Transversal Los Ruices Norte 

Edificio Segre 2Y3 

CARACAS 1071 

Tel: 239-4133, 239-4777, 
239-4244 

Telex: 25146 HEWPACK 

Cable: HEWPACK Caracas 

A,CP,E,MS,P 


YUGOSLAVIA 
Iskra-Commerce-Represeniation of 
Hewlett-Packard 

Sava Centar Delegacija 30 
Milentija Popovica 9 

11170 BEOGRAD 

Tel: 638-762 

Telex: 12042, 12322 YU SAV CEN 


Iskra-Commerce-Representation of 
Hewlett-Packard 

Koprska 46 

6 1000 LJUBLJANA 

Tel: 321674, 315879 

Telex: 


EUROPEAN AREAS NOT > 
LISTED, CONTACT 

Hewlett-Packard S.A. 

7 Rue du Bois-du-Lan 

CH- 1217 MEYRIN 2, Switzerland 

Tel: (022) 83-81-11 

Telex: 27835 hpse 

Cable: HEWPACKSA Geneve 


EAST EUROPEAN AREAS 
NOT LISTED, 
CONTACT 

Hewlett-Packard Ges.m.b.h. 

Wehlistrasse 29 

P.O. Box 7 

A-1205 VIENNA 

Tel: (222) 35- 16-210 

Telex: 135823/ 135066 


MEDITERRANEAN AND 
MIDDLE EAST AREAS 
NOT LISTED, 
CONTACT 

Hewlett-Packard S.A. 

Mediterranean & Middle East 
Operations 

35, Kolokotroni Street 

Platia kefallariou 

GR-Kifissia, ATHENS, Greece 

Tel: 808-0359, 808-0429 

Telex: 21-6588 

Cable: HEWPACKSA Athens 


INTERNATIONAL AREAS 
NOT LISTED, 
CONTACT 

Hewlett-Packard Co. 

Intercontinental Headquarters 

3495 Deer Creek Road 

PALO ALTO, CA 94304 

Tel: (415) 857-1501 

Telex: 034-8300 

Cable: HEWPACK 
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